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PREFACE, 


Fob  reasons  stated  in  the  first  Volume  of  these  Exi>eri- 
mental  Researches,  I  bare  been  induced  to  gutlier  the 
reroaining  Scries  tog;ethcr,  and  to  add  to  them  cerraia 
other  papers  deroted  to  Electrical  and  ^lagnetic 
Kescarch. 

To  the  prefatory  remarks  containing  these  reasons, 
I  would  recall  the  recollection  of  tboee  who  may  honour 
these  Bcsearchos  with  any  further  attention.  I  have 
printed  the  papers  in  this  Yulume,  as  before,  with  little 
or  no  altemlion,  except  that  I  have  placed  the  fair  and 
just  date  of  each  at  the  top  of  the  pages. 


As  regards  Biagnecr^slallic  action,  which  commences 
at  Paragraph  SdG^,  the  reader  will  see  the  gradual 
change  and  enlargement  of  view  respecting  its  nature 
in  the  course  of  long  investigations  at  the  following 
placeB,  2550.  2562.  2576.  2584.  &c.,  2591.  2639.  2797. 
2818.  2836.  &c.  I  would  refer  readers  to  the  paper  by 
Tyndall  and  Knoblauch  in  the  Philosophical  Mugazine, 
IB'iO,  vol,  xxxvil.  p.  1,  for  a.  very  philosophical  acccount 
of  the  physical  cause  of  the  magneerjstallic  action*,  and 
to  the  pai>cr  by  Professor  W.  Thomson  on  the  theory 

*  Matebuid  fund  Sdnerer  my  that  bivmutb  i«  vxptuiJcd  hy  preuurv  U"^ 
liM  it*  stTOdiiro  cliUKol.    Gnwib'a  Ilandbuok,  iv.  p.  423, 


yi 


PAEPACe. 


of  magnetic  hi(luctitin  in  ciystalUno  nnd  non-crystal- 
line  substniiccs  in  the  Philosuiiliical  Magazine,  1801, 
vol.  i.  p.  177,  as  being  in  all  parts  in  perfect  accordance 
with  the  Taiious  experimental  results  which  I  have  at 
different  times  obtained. 

With  respect  to  Paragraphs  20C7.  3242,  and  the  in- 
tentions there  expressed  of  experimenting  with  oxygen 
at  low  tempera tures,  I  have  endeavoured  to  carry  these 
intentions  out ;  but  the  extreme  difficulty  of  working  on 
Buch  attenuated  matter  as  gases  at  low  temperatures, 
without  the  production  of  air-eurronts  nhlo  to  influence 
the  vcr)"  delicate  torsion-balance  and  apparatus  required  to 
mca&ure  the  result,  is  so  great  as  to  have  prevented  me 
as  yet  from  obtaining  any  results  worthy  of  confidence. 

1  owe  many  thanks  to  the  Royal  Society  and  to 
the  l*roprietor8  of  the  Philosophical  Magazine,  for  the 
great  kimlncss  1  have  received  in  the  loan  of  platvs,  &c., 
and  in  other  facilities  granted  to  mc  for  the  printing  of 
the  volume. 

As  the  Index  belongs  both  to  the  Experimental 
Researches  aud  to  the  other  papers,  its  references  arc  of 
necessity  made  in  two  ways ;  those  to  the  Kescarches 
are,  as  before,  to  the  numbers  of  the  pnrngraplis,  and  are 
easily  recognized  by  the  greatness  of  the  numbers  :  the 
other  references  ore  to  the  pages,  and  being  always  pro- 
ceded  by  }t.  or  pp,  ant  known  by  that  mark. 
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5  26.  On  the  magntiisation  of  Hffht  and  the  iUumiHation  of  wioy- 
neiic  Untt  offorar^.  ■]  i.  Action  of  maffncta  oh  light.  H  ii. 
Action  of  eUeiric  currents  o«  light.  *[  iii.  General  considera- 
tions. 

B*6(lved  Noiwmbar  0,— K«a(I  NoremW  SO,  l^G. 

K  i.  Action  of  magnets  on  light. 

2146.  l^HAVE  long  held  ati  opinion,  almost  Rinounting  lo 
oooriction,  in  coinnion  I  believe  with  maiij  other  lovers  of 
UAtural  knowled^,  tbat  the  yarious  formn  under  vliich  tlie  forces 
of  nutttcr  arc  made  manifest  hare  one  commoa  origin ;  or,  in  other 
TordB,  arc  «o  directly  related  and  mutually  dependent,  that  they 
are  convertible,  aa  it  were^  one  into  another,  and  possess  equi- 

■  FliiloM|iliiraI  Tranttctiuni,  l»lil,  p.  1. 

*  The  title  of  thii  paper  hu,  1  \indon'tnnil,)Md  manjr  toamUappnili«iuion 
of  lMC(HiteiiU,aiid  I  ihvrcfore  take  the  liberty  of  appending:  tluieiplauattiry 
•OtA.     N*itheraeGeptingDorr*>Jcctinglhcbypr>thMiBofiinn^«',  or  the  cor- 
pMcoIar,  or  an;  9fhn  ywm  chat  niajr  b«  entertninod  of  the  naturo  cr  light  i 
and,  ai  fiu  aa  I  caa  m«,  notblntt  baing  really  kDown  of  a  ny  of  light  more 
than  of  a  1id«  of  maguetjc  or  «1wtric  form,  ur  •rtan  vf  a  liuo  of  gravitating 
foTM,  except  aait  and  Uieyan  tnanifeat  In  aod  by  lubftaDctn;  1  belkv«  tliat, 
in  tha  ezperimcntji  I  d«acrib«  in  1bf<  luip-r,  li){ht  bru  been  ma^Bticiitly 
•Ibetetl,  )'■  e.  that  that  which  is  mapTietie  id  tb^  foniM  of  matter  haa  been 
aftctcd,  aod  in  turn  ha*  ailm-trd  that  trhich  i»  truly  iiiafii«tic  in  th«  foiv«  of 
light:  by  the  term  maKn^tic  I  include  here  either  of  the  pMrii  liar  exertion*  of 
thapow^r  of  a  tnaptiM.  whether  It  W  that  vliich  in  maiiif<>3t  intho  ms^Mic 
or  ihn  ^niaagnpitM;  claw  of  bodlas.    The  pbrate  "  UluiuiaBtioa  of  tho  lia«i  of 
TOL.  IJI.  B 


2  Action  of  magnets  on  lighi.       [Sehirs  XIX. 

Talents  of  power  in  tlieir  action  '.  In  moderu  times  tliL*  proofs 
of  their  oonvertibility  harr  hccn  accumulated  to  a  very  cousider- 
ablc  c:(t€nt,  niid  a  corameucemeut  made  of  tlie  dctcrtumaUon  of 
their  cquivaJcut  forces. 

%\'VT.  This  strong  persaaaton  extended  to  tbc  powerfiof  llglit, 
aud  !edj  on  a  former  occasiuii,  lo  many  exerlionK,  having  for 
their  object  tbc  discover}'  of  the  direct  relation  of  bght  and 
electricitj',  and  their  mutual  action  in  bodies  subject  jointly  to 
their  power';  bnl  the  lesults  were  negative  ajicl  were  after- 
wards confirmed,  i»  that  rc8|»ect,  by  Warlmanu^. 

2148.  These  jneilcctual  exertions,  and  many  others  which 
were  never  published,  coidd  not  remove  my  Htrong  persuasion 
derived  from  philosophical  conNidcrationn ;  and,  therefore,  I 
recently  resumed  the  inquiry  hy  experiment  In  atnoiit  strict  aud 
Marching  rnnnner,  and  have  at  Ijist  §ncceeded  in  magnelizing  and 
eieclrifyinff  a  ray  of  light,  and  in  ittuminalinq  a  magnetic  iine  uf 
forct.  These  results,  without  eutcriug  into  the  dL-lail  of  many 
uiiproductire  experiments,  I  will  dcscrilH:  aa  briefly  und  clearly 
aa  I  can. 

21 19.  Dot  before  I  proceed  to  them,  I  will  define  the  mean- 
ing I  connect  with  certain  terms  which  I  shall  hove  occasion  to 
use: — thus  hy  line  of  magattic  force,  or  magnetic  line  offnrce, 
or  magnetic  cnrre,  I  menu  that  exercise  of  maj^iietlc  furcu  which 
19  esertcd  in  the  lines  usually  called  magnetic  airves,  aud  which 
equally  exist  as  passing  from  or  to  magnetic  poles,  or  forming 
concentric  circle*  round  an  electric  cnrrt^nt.  By  tine  of  electric 
force,  I  mean  the  force  exerted  in  the  line*  joining  two  bodiesj 
acting  on  each  other  aeeonling  to  the  principles  of  Btatic  electric 
iiidaction   (llfil,  &c.),  which  may  also  be  either  in  curbed  or 

magnetic  farc«"  Iiu  been  on^Ieretood  lo  imply  tlinl  I  had  nudorril  (Iioia 
luminous.  ThU  wu  not  milhiii  my  thoupliC.  I  iaWndr-d  tn<>xpn<»>  ilml  the 
line  of  msgnetic  force  nns  i Uuminnted  as  Ltiocnrih  iailluiniaali-d  hv  thrmn, 
or  thu  apiiUir'a  W(<b  iUiuiiinated  by  tbe  aHtrunotiior'HlHiiiji.  £mi>lo)'in^  a.  ray 
of  ligrlit,  wn  can  U>II,  fry  **•  •y*,  tbo  direction  of  tlio  nintnK-tic  linw  tUrciigb  a 
body  1  and  Iiy  liie  klleratlon  of  the  my  and  its  oplirjil  rlToct  on  tlie  eyv.  can 
•M  the  caiirrt  of  Iha  lin««  ju«t  m  we  rftn  see  Uin  course  of  a  threMd  of  plwv, 
or  uiy  othcx  tnnspareat  subsUtiico,  ruidttrGil  vijrUu  hy  the  ligbt :  aad  tbia  is 
■wlint  I  mrnnt  by  {HuminiiltoH,  as  the  paper  fuEv  eiplaina. — Duri-nibfT  16, 
JSA.y     M.  F. 

'  Experimeot*]  RmostcIic*, *",  306,  !J;C.  S77,ttt!|.  :.'071. 

Philosoplucal  TnuMcti^ni,  M-ti.    T^xpftriim^ntJil  RvMuehos,  Q&I-O&S, 

AtcM^-gs  de  I'Elei;trii.-it<<,  H.  pp.  AIXMIOO. 
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Not.  1845.]      Rotation  of  a  ray  bg  magnctitm. 
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straight  Ibies.  By  diamagnetic,  I  mean  a  litxly  tlirougli  which 
lines  of  mii^ctic  force  trc  paMing,  anil  which  docs  not  bv  their 
action  assume  the  nsnnl  magnetic  sttttc  of  iron  or  loadsujue. 

2150.  A  my  of  light  is^tutog  from  an  Argand  lamp,  vaa 
polarized  in  a  horiiontal  plane  hr  reBexion  from  a  surface  oE 
glass.  an«l  the  jwlarizisl  ray  jiasscrf  throagh  aNtchol's  eye-piece 
rcTolring  oa  &  horiitoutAl  axis,  ao  as  to  be  easily  examined  by 
the  latter.  Between  the  polarizing  mirror  aud  the  eyc-pioce, 
two  [Kjworful  cWtro-maguotie  jtoles  were  arranged,  being  either 
the  poles  of  a  horse-shoe  mngiiet,  or  the  contran,'  poleti  uf  two 
cylinder  toagnets ;  they  were  separated  from  each  other  about 
2  inchm  in  the:  direction  of  the  line  of  the  ray,  and  so  placed, 
tliatj  if  ou  the  same  aide  of  the  polarized  ray,  it  might  pass  near 
them;  or  if  on  contrary  sides,  it  might  go  betwccQ  them, its 
direction  being  alvRyn  parallel,  or  nearly  so,  to  the  magnetic 
line*  of  force  (2M-9.).  After  that,  any  transparent  smhstaiice 
placed  between  the  two  poles,  irould  have  paKsiug  through  it, 
hotb  the  polunscd  ray  and  the  niaj^nctic  lines  of  force  at  the 
moe  time  and  iu  the  some  direction. 

2151.  Sixteen  years  ago  I  published  certaiu  ex|x>ricnent» 
made  upon  optical  glass',  and  dewribed  the  formation  and 
graeral  charaeters  of  one  variety  of  heavy  glass,  which,  from  its 
matciiala,  was  called  silicated  borat«  of  lead.  It  was  this  gins* 
which  finit  gave  mc  the  discovery  of  the  rcUtion  between  light 
and  magnetism,  and  it  has  power  to  illustrate  it  in  a  degree 
beyond  that  of  any  other  Ijody ;  for  the  sake  of  perspicuity  I 
will  Srst  describe  the  phacuuuiena  as  presented  by  this  subatauce. 

2153.  A  piece  of  this  glass,  about  2  inches  squitrc  and  0*5 
of  an  inch  thick,  having  flat  and  polinhcil  edges,  was  placed  as 
a  diamaifrietic  (SI  19.)  between  the  polc«  (not  as  yet  magnetized 
by  the  elceiric  current),  so  that  the  polttri24xl  ray  should  pass 
through  its  length;  the  glass  acted  as  air,  water,  or  any  other 
indiiferent  substance  would  do ;  and  if  the  eye-piece  were  pre- 

'  niilomrphicsl  TmimctigDa,  1830,  p.  1.  I  cosaot  rceiat  th«  occMi«n 
which  is  Lliiu  otTeied  to  me  of  mentioning  tliv  nntntr  of  Mr.  Aademc,  wlio 
tUM  to  nu  ai  in  aaaMtaat  in  the  gLui  experiment*,  snd  lin*  rftmiuned  ervr 
riooe  in  the  Laboratary  of  tbo  Royal  Inititutiuu.  lie  has  smiMihI  me  in  nil 
Hm  ivMuebc*  into  which  I  have  entered  since  that  time,  aod  to  bb  cam, 
•teadiaeM,  exactitude,  and  failltrulaOM  in  the  pbrformuioe  of  all  that  luia  bcwn 
comahted  to  hi*  chiuge,  I  am  much  indebted,— M.  F. 

b3 


Aeliott  ofmaffnets  on  light.         [SEaiss  XIX. 

viousi}'  turned  into  such  a  position  tlmt  the  jmlai-izcd  ray  was 
extingnished,  or  ratltcr  the  image  produced  by  it  rendered  m- 
vinihlft,  tlicn  the  introduction  of  this  gitifis  m»cic  no  nlUration  in 
that  rcsptct.  lu  this  state  of  circunistanix-s  the  force  of  the 
electro-mngnct  was  dcTClopwl,  by  sending  an  electric  current 
through  its  coili»,  and  immediately  the  imnge  of  the  Inmp-tlanie 
hcc:inie  Tiiiiljle,  and  continued  rq  aa  lung  as  the  arrangement 
continuwl  mn^ictic.  On  stopping  the  electric  current,  and  so 
causing  the  ma^ietic  force  io  cease,  the  liglil  instantly  disap- 
peared ;  these  phtenomeim  could  be  rcncved  at  pleasure,  at  any 
instant  of  time,  and  upuu  any  occasion,  shuwiug  a  perfect 
dependence  of  cause  and  efTect. 

2133.  The  voltaic  cnrrcnt  which  I  used  upon  this  occaiiion, 
wfl8  that  of  five  pair  of  Grove's  construction,  and  the  electro- 
magnets were  of  such  power  that  the  poles  would  singly  sustain 
a  ■weight  of  from  twenty-eight  to  lifty-nin,  or  more,  pouiid».  A 
person  looking  for  the  phienomcnou  for  the  first  time  would  not 
be  aide  to  rcc  it  with  a  weak  magnet. 

2154.  The  cfaaracter  of  the  force  thus  imprcsiicd  upon  the 
diama^cticis  thntof  rotation  ;  for  when  the  image  of  the  lamp- 
^amc  has  thus  been  rendered  risible,  revolution  of  the  eyc-picce 
to  the  right  or  left,  more  or  Itsa,  will  cause  its  extinction ;  and. 
the  further  motion  of  the  eye-piece  to  the  one  side  or  other  of 
this  position  will  pi-odnce  the  reappearance  of  the  light,  and 
that  with  comptemeutaiy  tiuta,  according  as  this  further  motion 
ia  to  the  right,  or  left-hand. 

215.5.  When  the  pole  nearest  to  the  observer  was  s  marked 
pole,  i.  e.  the  same  as  the  nortli  end  of  a  magnetic  uectllcj  and 
the  further  pole  was  unmarked,  the  rotation  of  the  ray  was 
right-handed;  for  the  eye-piece  had  to  he  turned  tothe  right-hand, 
or  clock  fashion,  to  overtake  the  ray  aud  restore  the  image  to  its 
first  condition.  When  the  poles  were  reversed,  which  was  in- 
stantly doue  by  changing  the  direction  of  the  electric  current, 
the  rotation  was  changed  also  and  became  left-handed,  the  altera- 
tion being  to  an  cqunl  defn^'e  iu  exteut  as  l>efore.  The  direction 
wa.s  always  the  same  for  the  same  tine  of  magnetic  force  {21  iU.}. 
2156.  Wlien  the  diamngnctic  vas  placed  in  the  numerous 
Otber  positions,  which  can  euKily  be  conceived,  about  the  miig- 
netic  poles,  rCRulta  were  obtained  more  or  less  marked  in  extent, 
and  very  definite  in  chBractcr,  but  of  which  the  phenomena 
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just  described  mAy  bo  cansidcrcd  as  the  cliief  example :  they 
will  be  referrecl  to,  ai  far  as  is  necessary,  hereafter. 

2157.  The  same  phenomena  were  produced  in  the  silicatofl 
borate  of  lead  (3151.)  by  the  action  of  a  good  ordinary  steel 
boriic-shoe  magnet,  no  eleetric  cnrreut  being  now  used.  The 
renults  werp  feeble,  but  still  »Tiffieient  to  show  the  porfeet  iden- 
tity  of  action  Ijetween  eleclm-uiagncta  and  common  magnets  in 
ihis  tlicir  power  over  light. 

215H.  Two  magnetic  poica  were  employed  cnd-irnys,  i.  r.  the 
cores  of  the  electro-majrnets  were  hollow  iron  eylinders,  and  tlte 
ray  of  polarized  tight  passed  along  their  axes  and  through  the 
diamagaetie  placed  betirecn  them  :  tlie  efT^t  vvs  tlie  same. 

2159.  One  magnetic  pole  only  iras  used,  that  being  one  end 
of  a  powerful  cj'liudcr  clectro-magnct.  MTien  the  hcaiy  glass 
was  beyond  the  magnet,  being  close  to  it  but  between  the  mag- 
net  and  the  polarising  reflector^  the  rotation  was  in  one  dircc« 
lion,  dependent  on  the  nature  nf  the  pole ;  when  The  diainag> 
netic  was  on  the  near  side,  being  cloite  to  it  but  between  it 
and  the  eye,  the  rotation  for  the  same  pole  was  in  the  contrary 
direction  tn  what  it  was  before;  and  when  the  magnetic  polo 
was  changed,  both  these  directions  were  changed  with  it.  When 
the  heavy  glass  was  placed  in  a  eorrcspouding  position  to  the- 
pole,  but  above  or  below  it,  so  that  the  maynvtic  curvet  were  no 
longer  passing  tbniiigh  tlic  glass  parallel  to  tbe  ray  of  polarixcd 
light,  but  rather  perpendicular  to  it,  tlicn  no  effect  was  pro- 
duced. These  ])articulariticsraay  be  understood  by  refereucc  to 
fig,  1,  where  a  and  b  represent  tlic 
Brst  positions  of  the  diamngnetic^  and 
c  and  i/ the  latter  positions,  the  eonmc 
of  the  ray  being  marked  by  the  dot- 
ted line.  If  also  the  glass  were  placed 
directly  at  the  end  of  tho  mof^net, 
then  no  effect  was  produced  on  a  ray 
pasuDg  in  thrdircction  bercde^erlbed, 
though  it  lA  evident,  from  what  has  '' 

been  already  said  {2155.),  that  a  ray  passing  parallel  to  the 
magnetic  lines  through  the  glaas  su  placed,  would  hare  been 
affected  by  it. 

2160.  Magnetic  lines,    then,    iu   passing   through  silicated 
borate  of  lead,  and  a  great  number  of  other  aubstnnccfl  (2173.), 
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caiuc  these  bodies  to  act  upon  a  polarized  ray  of  tight  vticn  the 
lines  arc  parallel  to  tlie  ray,  or  in  proportiou  as  they  arp  parallel 
to  it :  if  tliey  are  ijer])eiuliculiir  to  the  ray,  they  have  no  action ' 
upon  it.  TbCT  give  the  diaiaagiictic  the  power  of  rotating  the 
ray ;  and  the  lat»  of  this  actiou  ou  light  is,  that  if  a  magnetic 
line  of  force  be  going  from  a  north  pole,  or  coming  from  a  Kouth 
pole,  along  the  path  of  a  polarized  ray  coming  to  the  obfecrver, 
it  will  rotato  that  ray  to  the  right-hand  ;  or,  that  if  such  a  line 
of  force  be  coming  from  a  north  pole,  or  going  from  a  south 
pole,  it  will  rotate  such  a  ray  to  the  left-band. 

21G1.  If  a  cork  or  a  cylinder  of  glass,  representing  the  dia- 
magnctic,  be  marked  at  iLs  cn(I»  with  the  letters 
N  and  S,  to  reprcHcnt  the  poles  of  a  magnet, 
:  joining  ihcitc  tetters  may  be  considered 
tgnetic  line  of  force;  and  further,  if  a 
line  he  traced  round  the  cylinder  with  arrow 
heads  on  it  to  represent  directioDj  an  in  the 
6gure,  such  a  simple  model,  held  tip  before  the 
eye,  irill  express  the  whole  of  the  taw,  and  give  every  position 
and  conwqaence  of  direction  resulting  from  it.  If  a  watch  be 
considered  as  the  diamagnctic,  the  north  pole  of  a  magnet  being 
imagiued  agaiimt  the  face,  and  a  south  pole  against  tlie  hack, 
then  the  motion  of  the  hand  will  indicate  the  dirceliou  of  rota- 
tion which  a  ray  of  hght  undergoes  by  maguctizatiuu. 

aiG2.  I  will  now  proceed  to  the  different  circumstaacea  which 
affect,  limit,  and  de6ne  the  extent  and  nature  of  this  new  power 
of  action  on  light. 

2163.  In  the  first  place,  the  rotation  appears  In  be  in  propor- 
tion to  the  exteut  of  the  diamaguetic  through  which  the  ray  and 
the  magnetic  lines  pass.  I  preserved  the  strcugtb  of  the  mag< 
net  and  the  interval  between  its  poles  constant,  and  then  inter- 
posed ditrerent  picL-es  of  the  same  heavy  glass  (2ir>I.)  between 
the  poles.  The  greater  the  extent  of  the  diamagnetie  in  the 
line  of  the  ray,  whether  in  one,  two,  or  three  pieces,  the  greater 
was  the  rotation  of  the  ray;  and,  as  far  as  I  could  judaic  by  Ihcisc 
first  experiments,  the  amount  of  rotation  was  exactly  propor- 
tionate to  the  extent  of  diamagnetic  through  which  tlie  ray 
passed.  Xo  addition  or  diminution  of  the  heavy  glass  ou  the 
siiU  of  the  course  of  the  ray  luade  any  difference  in  the  effect  of 
that  part  through  which  the  ray  passed. 
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3161.  llic  {xnier  of  rotating  the  nr  of  ligtii  increattd  vith. 
the  iutensitjrof  the  majnietic  lines  of  force.  This  general  effect 
is  Tery  eauly  ascert&ioeJ  by  the  luc  uf  cIcctro-magDcts ;  uid 
within  such  range  of  power  as  1  have  employed,  it  appean  to 
be  directly  proportionate  to  the  iutemity  of  the  magnetic  fisroc. 
21G3.  Other  bodiL-s,  bcauiiM  the  heavy  gtaas,  poasesB  the 
tame  power  of  becoaiing,  uuder  the  iuflueuce  of  maguctic  force, 
active  on  liglit  (21  "3.)-  ^^lieu  tliese  bodies  poness  a  rotative 
power  of  tlicir  own,  as  is  the  case  with  oil  of  turpentine,  sugar, 
tartaric  acid,  tartrate*,  &c.,  the  effect  of  the  magnetic  force  is  to 
add  to,  or  anbtroct  from,  their  specific  force,  according  as  the 
natural  rotation  and  that  induced  by  the  mogDetiam  is  right-  or 
lef^.handed  (2231.). 

21Cj.  I  could  not  perceive  that  this  power  was  afTcctod  by 
any  decree  of  motion  which  I  was  able  to  communicate  to  the 
diamagnctic,  whilst  jointly  subject  to  the  action  of  the  mag- 
jietism  and  the  bght. 

2167.  The  interposition  of  copper,  lead,  tin,  silver,  and  other 
ordinary  non-magnetic  bodies  iu  the  coutm  of  the  magnetic 
curres,  either  between  the  pole  and  the  diamagnetic,  or  in  other 
poHitirtns,  produced  no  effect  either  In  kind  or  degree  npon  the 
pli9!nomciia. 

'2\CA.  Iron  frequently  affected  the  results  iu  a  very  cousidcr- 
ahle  degree  ;  but  it  always  appeared  to  be,  either  by  altering  the 
direction  of  tlie  magnetic  tines,  or  disposing  within  itself  of  Iheir 
force.  Thus  when  the  two  contrary  poles  were  on  one  side 
of  the  polarized  rar  (21o0.),  and  the  heavy  gWs  in  iii  best 
position  between  them  and  in  the  ray  (21  a2.],  the  bringing  of  a 
Jorge  piece  of  iron  near  to  the  glass  on  tbe  other  aide  of  the  ray, 
caused  the  power  of  the  dianiagnetic  to  fall.  This  was  because 
crrtuiu  linnt  of  magnetic  force,  which  at  first  passed  through  the 
glass  parallel  to  the  ray,  now  crossed  the  glass  and  tlic  rny ;  the 
iron  giving  two  cuutmry  poles  opposite  the  poles  of  the  magnet, 
yVxA  thus  determining  a  new  course  for  »  certain  portion  of  the 
imaguotic  power,  and  that  acroHs  the  polarized  ray. 

3IG0.  Or,  if  the  iron,  instead  of  being  applied  on  the  opposite 

I  nde  of  the  glass,  were  applied  on  the  same  aide  with  the  raag- 

I,  either  uear  it  or  in  contact  with  it,  then,  again,  the  power 

of  the  diamngnetic  fell,  simply  beeauiie  the  power  of  the  magnet 

,irai  diTerted  from  it  into  a  new  direction.    These  effects  depend 
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mucti  of  course  on  tlie  inteniit  j  aud  power  of  the  magnet,  and 
on  the  size  and  softness  of  the  iron. 

2170.  The  clectro-hcliccs  (2190.)  without  the  iron  cores  were 
very  feeble  in  power,  and  indeed  hardly  sensible  in  their  effect. 
With  the  iron  core*  they  were  powerful,  though  no  more  elec- 
tricity vas  then  passing  through  the  coiU  than  hrfurc  (1071.), 
This  shows,  in  a  vei^  (lim)ile  manner,  that  the  phienomcDB  ex> 
hibited  by  light  under  tlu^r  (■irciitnstaners,  is  directly  couuct-tu'd 
with  the  magnetic  form  of  furi'C  supplied  by  the  arrangomeiit. 
Another  cfl'cct  which  occwrred  illiwtrated  the  same  point.  When 
the  contact  at  the  voltwc  battery  is  made,  and  the  current  sent 
round  the  electro-magnet,  the  image  produced  by  the  rotation 
of  the  polarizod  ray  doca  not  rise  up  to  ita  fuH  hiatre  imme- 
diately, but  iucrcflscs  for  a  couple  of  seconds,  gradually  acquiring 
its  greatrat  intensity ;  on  breaking  the  contact,  it  sinks  in.staiitly 
and  disappears  apparently  at  onee.  The  gradual  rise  in  bright- 
ness is  due  to  the  thne  which  the  iron  core  of  the  mogiict  re- 
quires to  evolve  all  that  magnetic  [lower  which  tlie  cleetric  cur- 
rent can  devclopc  in  it ;  and  as  the  magnetism  rises  in  intensity, 
80  does  its  effect  on  the  light  increase  in  power;  hence  the  pro- 
grcssivc  condition  of  the  rotation . 

2171.  1  cannot  as  yet  find  that  the  heavy  glass  (2151.),  when 
iu  this  state,  t.  e.  with  ma^ictic  lines  of  force  passing  through 
it,  exhibits  any  increased  degree,  or  has  any  specific  magueto- 
inductive  action  of  the  Tvcofcnized  kind.  I  have  placed  it  in 
large  quantities,  and  iu  different  positions,  between  magnets  and 
niaenctic  necdlf^s,  having  at  the  time  very  delicate  means  of  ap- 
preciating any  difference  between  it  and  air,  but  couid  find  none. 

2172.  Using  water,  alcohol,  mercury,  and  other  fluids  con- 
tained in  very  large  delicate  thermomcter-sliapcd  vessels,  I  could 
not  discover  that  any  difference  in  volume  occurred  when  tho 
magnetic  cnrvct  passed  through  them. 


2173.  It  is  time  that  I  should  pass  to  a  ronsideration  of  this 
power  of  magnetism  over  light  as  exercised,  not  tmiy  in  the  sili- 
catcd  borate  of  load  (S161.),  but  in  many  other  substaucca ;  aud 
here  we  perceive,  in  the  first  place,  that  if  all  transparent  bodies 
pOBscss  the  power  of  esliibiling  the  action,  they  have  it  in  very 
different  degrees,  and  that  up  to  Cbia  time  there  are  some  that 
have  not  shown  it  at  all. 
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2174.  Next,  we  may  oWrrc,  that  bodies  that  areexcccdingly 
different  to  each  other  in  chcmiral,  pliysiL-alj  and  mechanical 
properties,  dcveloijc  this  effect;  for  »olida  and  liquids,  acida^ 
alkalies,  oih,  wat«r,  alcoholj  sthcr,  all  pniwcBa  the  power. 

2175.  And  laiitlyj  we  may  observe,  that  in  all  of  them,  tiiough 
the  degree  of  action  may  differ,  Htill  it  i%  ninnye  the  same  in 
kin J,  bein^  a  rotative  power  over  the  ray  of  lij^ht ;  and  fui'ther, 
the  direction  of  the  rotation  is,  in  cwry  case,  independent  of  tho 
nature  or  atate  of  the  substance,  and  do|x-itdt.-iit  upon  the  direc- 
tion of  the  magnetic  line  of  force,  according  to  the  law  before 
laid  down  (2160.). 

2irfi.  Amongst  the  substances  in  which  this  power  of  action 
is  found,  I  ha«e  already  difttingTii*hed  the  sitico-borate  of  lead 
(3IS1.)  aa  eminently  fitted  for  the  purpose  of  exhibiting  the  phiC'- 
niimena.  I  regret  that  it  should  be  the  best,  since  it  is  not 
likely  to  be  in  the  possession  of  mnny,  and  few  will  be  induced 
to  take  tho  trouble  of  preparing  it.  If  made,  it  should  be  vdl 
annealed,  for  otherwise  the  pieces  will  have  considerable  power 
of  depolarizing  light,  and  then  the  piutirular  phirnnniena  under 
consideration  are  nrnch  less  strikingly  olxscrvcd.  Tlic  borate  (jf 
{fad,  however,  19  a  suh&tancc  much  more  fuaible,  softening  at 
the  heat  of  boihng  oil,  and  therefore  far  more  easily  prepared  in 
tlie  form  of  glass  plates  and  annealed ;  and  it  possesses  as  much 
msgneto-rotative  [wwer  over  light  as  the  silico-borate  itself. 
FUni-Sfla*H  exhibits  the  property,  but  in  a  less  degree  than  the 
ances  above.  Croim-glasa  shows  it,  but  in  a  still  smaller 
degree. 

2177.  "Whilst  employing  cryRtnlline  bodies  asdinmngiicties,  I 
generally  gave  them  that  position  in  which  they  did  not  nffeet 
the  polariml  ray,  and  then  indorcd  the  magnetic  cunTs  through 
them.  As  a  class,  they  seemed  to  resiat  the  ussuoiptiou  of  tho 
rotating  state,  Hoek-talt  and  fitior-fpar  ^avc  cWdence  of  the 
power  in  a  slight  degree;  and  I  think  that  a  crystal  of  alum 
did  the  same,  hut  its  ray  length  in  the  transparent  part  was  so 
small  that  1  could  not  ascertain  the  fact  decisively.  Two  spo- 
ciiQcns  of  trousparent  fiuor,  lent  me  by  Mr.  Tcmiuitt,  gave  the 
effect. 

2178.  Boek-cryptal,  -i  inches  aerosa.  gave  no  indieatiouB  of 
action  on  the  ray,  neither  did  smaller  crystals,  nor  cubes  about 
three-fourths  of  an  inch  in  the  side,  which  were  so  cut  as  to 
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hare  two  ot  their  Eaccs  perpend iculnr  to  the  axis  of  tlie  crystal 
(16'J2,  1693.),  though  they  were  examined  in  every  direction. 

2179.  Iceland  npar  exhibited  no  sigos  of  cSectj  cither  in  the 
form  of  plioraboida,  or  of  eube*  like  those  ju«t  described  (1605.). 

2J80.  Suipkait  of  baryta,  tvlphafe  of  itme,  and  carbonate  of 
»oda,  were  also  without  aetion  ou  the  light. 

2181.  A  piece  of  fine  clear  ice  pave  me  no  effect.  I  cannot 
howcTcr  say  there  is  none,  for  the  effect  of  water  in  tbc  same 
mass  would  be  very  small,  and  the  irregularity  of  the  flattened 
aurfaoe  from  the  fusion  of  the  ice  and  flow  of  water,  made  the 
observation  Tcry  difficult. 

ai8S.  With  some  degree  of  ciirioaity  and  hope,  I  put  gold- 
leaf  into  the  ma^ctic  lines,  but  could  perceive  no  effect.  Con> 
sidcring  the  extrpmriy  small  dimeii.«ion4  of  the  Icn^h  of  the 
path  of  the  polarised  ra.y  lu  it,  an;  positive  result  was  hardly  to 
be  expected. 

2183.  In  experiments  with  Injuids,  a  very  good  method  of 
observing  the  effect,  is  to  enclose  them  in  twltlra  from  li  to  3 
or  4  inches  in  diameter,  placing  these  insiiecewion  between  the 
magnetic  poles  (2150.),  and  briu^^ing  the  analysing  cvT-pioeo  so 
near  to  the  l»ottle,  that,  by  adj  uatnu^iit  of  the  latter,  its  cylindri- 
cal form  may  cause  a  dillUse  but  nveful  image  of  the  lamp-flume 
to  be  M'cn  through  it :  the  li{;ht  of  this  image  i.^  easily  distiu- 
guishcd  from  that  which  passes  by  irregnhir  rufnu-tion  through 
the  etriic  and  defumiatioua  of  the  gtaMs,  and  the  phtenomcua 
being  looked  for  iu  thi«  light  are  easily  seen. 

2181.  Water,  alcohol,  and  nether,  all  bIiow  the  effect;  water 
most,  alcohol  less,  and  letlier  the  Icnat.  All  the  iixci!  oils  which 
I  have  tiiod,  including  almond,  castor,  olive,  poppy,  linseed, 
Bperm,  clainc  from  hog's  Inrd,  and  distilled  resin  oil,  produce  it. 
The  essential  oils  of  turpentinp,  hitter  almonds,  spike  lavender, 
lavender,  jessamine,  clovei,  and  laurel,  produce  it.  Also  nnph- 
Iba  of  various  kinds,  melted  apcrmaeeti,  fused  sulphur,  chloride 
of  sulphur,  chloride  of  areeuie,  and  cvcrj-  othrr  li<)uid  BuliBtnnec 
which  1  had  at  hand  and  could  submit  in  eullicient  bulk  to  ex- 
periment. 

2185.  Of  »qucou8  solutions  I  tried  1 50  or  more,  including  the 
soluble  acids,  alkalies  and  salts,  with  augar,  gum,  fcc.,  the  list  of 
which  would  be  too  long  to  give  here,  since  the  great  conclusion 
wa»,  that  the  exceeding  diversity  of  eubatauec  cauacd  no  ex- 
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oeption  to  the  geaernl  reaultj  for  all  the'  bodies  ahowcd  tlic  pro- 
It  U  indeed  more  than  probable,  that  in  all  tbcsc  cases 
ie  water  and  not  tbc  other  sutiAlanro  prrsent  was  tbe  rulinj^ 
ttcr.  Tlic  same  geuerml  result  wiu  oblaiued  witb  alcoholic 
solutious. 

U18ti.  ProcecdiuK  Trooi  iiqaida  to  air  and  gaseous  bodtca,  I 
have  here  to  state  that,  as  yctj  1  have  not  been  able  to  detect 
the  cxerdttc  of  this  power  m  any  ouc  of  the  8ub8tan(«.<t  in  this 
laas.  I  have  tried  tlie  experiment  n-ith  bottles  \  iucbLis  in  dia- 
^metcr,  aod  the  following  gases:  qirgrn,  nitrogen,  hydrogen, 
bitrous  oxide,  olcliant  gas,  eolphurous  acid,  muriatic  acid,  car- 
bonic acid,  CArboDLC  oiidc,  ammonia,  sulphuretted  hvdrogeu, 
and  bromine  t'aponr,  nt  ordinary  tenipi^ratiircs  ;  but  tlicy  all 
gave  DegRtive  results.  With  air,  the  trial  ban  been  carried,  by 
another  fnrm  of  apparatus,  to  a  much  higher  degree,  hut  iitill 
'  inetfectnally  (2212.)- 

S187.  Before  diemiuing  the  consideration  of  the  substances 
irbicb  exhibited  tbi?  poiver,  and  in  reference  to  those  in  whieh 
it  VBi  anperinduced  upon  bodies  poKflCHKing,  naturally,  rotative 
foive  (21(>j.  '2'Z^\.),  I  may  record,  ibat  the  following  are  the 
aubstances  aulnnittcd  to  cspcriroL-nt;  castor  oil,  resin  oil,  oil  of 
^ikc  IftTcndcr,  of  laurel,  Cunudu  balsam,  alcohohc  solution  of 
t  camphor,  alcohohc  solution  of  cimphor  and  corrosive  suUimatc* 
[jqaeoaa  solutions  of  sugar,  tartaric  acid,  tartrate  of  Hoda,  tnr- 
<lnteo(  potassa  and  antimony,  tartaric  and  boracic  acid,  and 
sulphate  of  nickel,  which  rotated  to  tbc  right-hand ;  cn[iaiba 
iMilsam,  which  rotated  the  ray  to  the  left-hand;  and  two  spcci- 
incna  of  camphiuc  or  oil  of  turpcntiuc,  in  one  of  uhich  the  ro- 
tation was  to  tbc  rigbt-bniid,  and  in  the  otlier  to  tlic  left,  In 
all  tbc«e  cases,  as  already  »inid  (21G5.),  the  BiijieriDduced  mag- 
netic rotation  was  according  to  the  general  law  (2160.),  and  with- 
out ri'-fcrcacc  to  the  prcviouj  power  of  the  lH»dy. 

21SK.  Camphor  being  melted  in  il  tube  about  an  inch  in  din- 
meter,  esbJbitcd  high  natural  rotative  force,  bat  I  could  not 
diseovrr  that  the  magnetic  eurvcs  induced  additional  furecin  it. 
It  may  be,  howpvcr,  that  the  shorlneM  of  the  ray  length  and 
the  quantity  of  coloured  light  left,  even  when  the  cyc-piccc  was 
adjusted  to  the  most  ravourablc  pOi:<ition  for  darkening  the 
image  produced  by  tbc  naturally  rotated  ray,  rendered  the 
small  magneto-power  of  the  camphor  iiisensible. 
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U  ii.  Action  o/eleetric  currents  on  fi^A/. 

2189.  From  a  consideration  of  the  nature  ancl  position  of  the 
liuea  of  ma^ctic  and  electric  force,  and  the  relation  of  a  mag- 
net to  n  current  of  clrctricity,  it  appnarcd  almost  certain  tlint  kq 
electric  current  would  give  the  some  result  of  octiou  on  liglit  aa 
&  magnet;  and,  in  the  helix,  would  supply  a  form  of  apparatus 
in  which  great  Irngths  of  dinmngnrtios,  and  pspRCially  of  Bueli 
hndics  as  appeared  to  he  bnt  little  aftWted  hctweeii  the  pales  of 
the  magnet,  might  he  submitted  to  examination  and  their  effbct 
exalted:  this  espectutiuu  was,  by  experiment,  realised. 

2190.  Helices  of  copper  wire  were  employed,  three  of  which 
I  will  refer  to.  The  firat,  or  ionff  Ae/i.r,  was  0-i  of  an  inch  in- 
ternal diameter;  the  wire  was  0'03  of  an  inch  in  diameter,  and 
having  gone  round  the  axis  from  one  end  of  the  helix  to  the 
other,  then  returned  in  the  aamc  manner,  forming;  a  cni)  65 
inehe«  long,  double  in  its  whole  extent,  and  contaimng  1340  feet 
of  wire. 

2lfll.  The  seeond,  or  meHinm  heliT,  in  19  inches  long,  187 
inch  internal  diameter,  and  3  inches  external  diameter.  The 
wire  in  0'2  of  an  inch  in  diameter,  and  HO  feet  in  length,  being 
disposed  in  the  coil  as  two  concentric  spirals.  ITic  electric  cur- 
rent, in  passing  through  it,  is  not  dirided,  but  traverses  the 
whole  length  of  the  wire. 

2192.  The  third,  or  Woolwich  helix,  was  made  under  ray  in- 
stnictiou  for  the  use  of  Lieut. -Colonel  Sabine's  establishment 
at  Woolwich.  It  i8  2G'5  inches  long,  2'5  incheo  internal  dia- 
meter, and  -i75  inches  external  diameter.  The  wire  is  017  of 
an  inch  in  diameter,  and  501  feet  in  length.  It  is  disposed  in  the 
coil  in  four  concentric  spiraU  connected  end  to  end,  so  that  the 
whole  of  the  electric  current  employed  passes  through  all  the  wire. 

2193.  The  long  helix  (2HH).)  acted  very  feebly  on  a  mag- 
netic ucedlc  placed  at  a  little  distance  from  it;  the  medium  helix 
(2191.)  acted  more  powerfully,  and  the  Woolwich  helix  (2192.) 
Tcry  strongly ;  the  same  battery  of  ten  pairs  of  Grove's  plate 
being  employed  in  allcascii. 

2104.  Solid  Imdies  were  easily  aubjccted  to  the  action  of  these 
electro-hclicca,  being  for  that  purpose  merely  cut  into  tlie  form 
of  bars  or  prisms  with  flat  and  pohslied  ends,  and  then  intro- 
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daced  as  cores  into  the  bvliix-ii.  For  the  purpose  of  iiubmitting 
liquid  IjodicB  to  the  same  actiou,  tubes  of  glasi  were  pmvideil, 
Ininiahcd  at  tlie  cods  with  caps;  tlie  cylitidric&l  p&rt  of  the  tuji 

[vubmw>and  had  a  tubular  aperture  for  the  iutroduclion  of 
the  liijuids,  but  the  end  was  a  flat  glass  plate.  Whcti  the  tube 
voH  intpiidcd  to  contain  nqu<?oiis  tliiitls,  the  pintos  were  attached 
to  the  cap«,  aad  the  caps  to  the  tube  by  Cuiiula  Imlxam ;  wfaca 
the  tube  had  to  contain  a)c»ho],  sthcr  or  essential  oils,  a  tltick 
mixture  of  powdered  gum  with  a  little  water  watt  employed  as 
the  cement. 

2195.  The  general  effect  produced  by  this  form  of  apparatus 
may  be  stati-d  as  follows : — The  tube  wilbiu  the  luiig  helix 
(2190.)  was  filled  with  distilled  water  aud  pinccd  iu  the  hue  of 
the  polarixed  t«y,  so  that  hy  examination  through  the  eye-piece 
(215(}.)i  the  imago  of  the  lamp-flame  produrrtl  by  the  ray  could 

h]>e  wen  through  it.  Then  the  cyc^piccc  was  turned  until  the 
image  of  the  llanie  (]t«nppcnrcc1,  and,  altcrward«,  the  current  of 
ten  pairs  of  plates  sent  through  the  hcHx;  instantly  the  image 
of  the  flame  reappeared,  and  continued  as  long  as  the  olcctrio 
cuntut  was  passing  thmugh  the  helix;  on  stopping  the  rurrent 
tbe  image  disappeared.  The  light  did  uot  riitc  up  gradually^ 
M  in  the  case  of  electro-magnets  (2170.),  but  instantly.  These 
results  c4iu)d  be  produced  at  pleasure,  lu  this  cx[)enmcnt  we 
may,  I  think,  justly  say  that  a  ruy  of  light  is  elcctriticd  and  the 
electric  foreeH  illumiimted. 

211X!.  The  phicunDicna  may  be  made  more  strikiug,  ^3y  the 
adjustment  of  a  Icna  of  long  focus  between  the  tube  aud  the 

,  polarizing  mirror,  or  one  of  short  focus  between  the  tube  aud 

'the  ^e;  and  where  the  helix,  or  the  buttery,  or  the  substance 
experimented  with,  is  feeble  in  ]>ower,  such  means  offer  ussist- 
Bucc  in  working  out  the  effects:  hut  after  a  little  experience, 
they  are  easily  dispensed  with,  uud  ure  only  useful  as  accessories 
iu  doubtful  caaca. 

2197.  Iu  caMs  where  the  effect  is  feeble,  it  ia  more  easily 
perceived  if  the  Nichul  eye-piocc  be  iidjusted,  uot  to  the  perfect 
extinction  of  the  ray,  but  a  little  short  of  or  beyond  that  position ; 
so  that  tbe  image  of  the  flame  may  be  but  just  visible.  Then, 
on  the  exertion  of  the  power  of  the  electric  current,  the  light  is 

leitlicr  increaacd  in  intensity,  or  cl&cdiminiHhed,  or  extinguished, 
or  even  rc-iUumliuttcd  on  the  other  side  of  the  dark  condition ; 
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«nd  t!u9  change  U  more  easily  perceiTod  than  if  the  eye  began 
to  observe  from  a  state  of  utter  darkness.  Sucb  a  mode  of  ob- 
serving also  asaiots  in  licmoiistniting  tlic  rotatory  character  of 
the  aettoii  on  liglit ;  for,  if  the  light  be  made  x'isible  beforehaud 
by  tbc  motioD  of  the  eye-piece  in  one  direction,  and  the  power 
of  the  current  be  to  increase  that  light,  an  instant  only  suffices, 
after  stopping  the  eurrcnt,  to  move  the  cye-piccc  in  the  other 
direction  antil  the  light  is  apparent  as  at  first,  and  then  the 
power  of  the  cnrreat  will  be  to  diminish  it ;  the  tints  of  the  lights 
being  affected  also  at  the  same  time. 

2108.  \Vh(-n  the  current  was  sent  round  the  helix  in  one  di- 
rertioTi,  the  rotation  induced  upon  the  rny  of  light  wob  one  way ; 
and  when  the  curreul  waselianffcd  to  the  contrary  direction,  the 
rotation  was  the  other  way.  In  order  to  expre-is  the  direction, 
I  will  sBsume,  as  is  usually  done,  that  the  current  passes  from 
the  zinc  through  the  acid  to  the  platinum  in  the  same  cell  (6A3. 
667.  1627.)  :  if  such  a  current  pass  under  the  ray  towards  the 
right,  upwards  on  its  right  side,  and  over  the  ray  towards  the 
left,  it  will  ^vc  left-haudcd  rotation  to  it ;  or,  if  the  current  pass 
over  the  ray  to  the  right,  down  on  the  right  side,  and  under  it 
townnU  the  left,  it  will  induce  it  to  rotate  to  the  right-hand. 

2199.  The  law,  therefore,  by  which  an  electric  current  acts 
on  u  my  of  light  is  easily  expressed.  When  an  electric  current 
pusses  round  a  ray  of  polarixed  light  in  a  plane  perpendicular  to 
the  ray,  it  causes  the  ray  to  revolve  ou  its  axis,  as  long  as  it  is 
under  the  influence  of  the  current,  in  the  same  direction  as  that 
in  which  the  current  is  passing. 

2200.  The  simplicity  of  this  law,  and  its  identity  with  that 
given  before,  as  expressing  the  action  of  magnetism  on  light 
(2160.),  is  very  beautiful.  A  model  is  cot  wanted  to  assist  tbe 
memory;  but  if  that  already  described  (2161.)  be  looked  at,  the 
line  round  it  will  expretis  at  the  same  time  the  direction  liothof 
the  current  mid  the  rotation.  It  will  indeed  dg  much  more ; 
for  if  the  cylinder  be  considered  as  a  piece  of  iron,  and  not  a 
picecof  gloss  or  othcrdiamagnctic,  placed  betwecu  the  two  poles 
JJ  and  S,  then  the  line  round  it  will  represent  the  direction  of  the 
eurrenta,  which,  aocordiiig  to  Ampfere's  theory,  are  moving 
round  its  piirticlea ;  or  if  it  be  considered  as  a  core  of  iron  [in 
place  of  a  core  of  water),  having  an  electric  current  running 
ronnd  it  iu  the  direction  of  the  line,  it  will  also  repreacut  such  a 
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magnet  as  would  be  formed  if  it  were  placed  between  the  polcv 
whose  murks  nre  affixed  to  iti  ends. 

£201.  1  will  uow  notice  certain  jiointa  respecting  the  degree 
o[  tlivi  actiou  under  different  circumstuuccs.  My  uung  a  tube 
of  water  (2191.)  a&  long  as  the  helix,  hut  plncing  it  so  tlmi  more 
or  len  of  the  tube  projected  at  either  end  of  the  bclis,  I  was 
able,  in  some  degree,  to  ascertain  the  effect  of  lengtli  of  tlie  dia- 
mo^etic,  the  force  of  theheliK  and  carrcnt  remaining  tliesame. 
The  greater  the  column  of  water  subjected  to  the  actiou  of  the 
Iiclix,  the  greater  wa.1  the  rotation  of  the  polarized  ray  ;'  aud  the 
amount  of  rotation  seemed  to  be  directly  proportionate  to  the 
lentil  of  fluid  round  which  the  electric  cxirrent  passed. 

2202.  A  short  tube  of  water,  or  a  picipc  of  heavy  glass,  being 
pinreil  in  the  axis  of  the  Woolwich  hc-lii  (2192.),  seemed  to  pro- 
duce cinal  effect  on  therarof  ligbt.whethcrit  wcrein  the  middle 
of  the  helix  or  at  either  end  ;  pronded  it  vits  ilIwhts  within  the 
helix  and  in  the  line  of  the  axis.  From  this  it  would  appear 
that  cTcry  part  of  the  helix  lias  the  same  effect;  and,  that  by 
nsing  long  helices,  substances  may  he  submitted  to  this  kind  of 
examination  which  could  not  be  placed  in  suflieicut  length 
between  the  poles  of  magnets  (2150.). 

22M.  \  tulw  of  water  an  long  as  the  Woolwich  helix  (2192.), 
fant  only  0*4  of  an  inch  in  diameter,  wan  placed  in  the  helix 
purullei  to  the  axis,  but  sometimes  in  the  axis  and  sometimes 
near  the  side.  No  apparent  diftcreiiee  was  produced  in  these 
different  situations ;  and  1  am  inclined  to  bcliere  (without  licing 
quite  anre)  that  the  action  on  the  ray  is  the  xnrae,  whercTer  the 
tube  is  plsecd,  witiiin  the  helix,  in  relation  to  the  axis.  The 
same  result  was  obtained  when  a  latKcr  tube  of  water  was  looked 
through,  whether  the  ray  passed  through  the  axia  of  the  helix 
and  tnljc,  or  near  the  side. 

220t.  If  bodies  bo  introduced  into  the  helix  possessing, natu- 
rally, rotating  force,  tbeu  the  rotating  power  given  by  the  electric 
current  is  sw[ierinduced  upon  them,  exactly  as  in  the  ca«C3  al- 
ready described  of  mngnettc  action  (216j.  2187.)- 

2205.  A  helix,  20  inches  long  and  0-3  of  an  inch  in  diameter, 
was  made  of  nneoTored  copper  wire,  0-05  of  an  inch  in  dia- 
meter, in  close  sptnilK.  Thi»  ua'i  pliiccd  in  n  large  tnbe  of 
water,  BO  that  the  fluid,  both  in  the  inside  and  at  the  outside  of 
tlie  helix,  oould  be  examined  by  the  polarized  ray.     When  the 
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current  was  sent  throuyh  the  Lelix,  the  water  within  it  received 
rotating  power ;  but  no  trace  of  such  ao  action  on  the  Hght  was 
Bccn  on  tbc  outride  of  the  helix,  evon  iu  the  line  mutit  close  to 
the  uncovered  wire. 

'Z'ZUa.  The  water  wa«  eudoscd  in  brass  and  copper  tubes,  but 
this  alteration  caused  not  the  slightest  change  iu  the  effect. 

2207.  The  water  iu  the  brass  tube  waa  put  into  an  ifon  tube, 
mu(;h  longer  than  either  the  Woolwich  helix  or  the  brass  tube, 
aud  quite  one  eighth  of  an  inch  thick  iu  the  »ide  ;  yet  when 
placed  in  the  'Woolvvich  helix  (2192.),'the  water  rotated  the  ray 
of  light  apparently  as  well  as  before. 

2208.  An  iron  bar,  I  inch  s(}uarc  and  lou^^cr  tlmu  the  helix, 
was  put  into  the  hclis,  aud  the  amail  water  tube  (2203.)  upon  it. 
The  water  exerted  as  much  action  on  the  light  as  before. 

2209.  Three  iron  tubes,  each  27  inches  long  and  ouc-eightb 
of  an  inch  in  thiekne8.s  in  the  side,  were  selected  of  such  dia- 
meters ns  to  pass  easily  one  into  the  other,  and  the  wliole 
into  the  Woolwich  helix  (2192.).  The  smaller  one  was  sup- 
plied with  gliusa  euda  and  filled  with  water;  and  being  placed 
in  the  axis  of  the  Woolwich  helix,  bad  a  certain  anio^int  of  ro- 
tating power  over  the  polarized  ray.  The  eccond  tube  was  then 
placed  over  this,  so  that  there  was  now  a  thickness  of  iron  equal 
to  two-eighths  of  an  inch  between  the  water  and  the  helix  ;  the 
water  had  more  power  of  rotation  than  before.  t)n  placing  the 
third  tube  of  iron  orer  the  two  former,  the  power  of  the  water 
/<■//,  but  was  still  very  considerable.  These  results  arc  compli- 
cated, being  dependent  on  the  new  condition  which  the  ehnractcr 
of  iron  gives  to  its  action  on  the  forces.  Up  to  a  certain 
amount,  bv  increasing  the  development  of  niagnetic  forces,  the 
hclLt.  aud  core,  m  a  whole,  produce  increased  action  on  the 
water ;  but  on  the  addition  of  more  iron  and  the  diepoaid  of  the 
forces  throngli  it,  their  action  is  removed  in  part  from  the  water 
aud  the  rotation  is  lessened. 

2210.  Pieces  of  heavy  glass  (2151.),  placed  in  iron  tubes  in 
tbc  helices,  produced  simihir  cfFecta. 

2211.  The  budicti  which  were  eubmittcd  to  the  action  of  an 
electric  current  in  a  helix,  in  the  manner  already  dcacribcd, 
were  as  fellows:  Heavy  glasa  (2151.  2176.),  water,  solution  of 
sulphate  of  soda,  solutiuu  of  tartaric  acid,  alcohol,  ailher,  aud  oil 
of  turpentine ;  all  of  which  were  affected,  and  acted  on  light 
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lactly  iu  the  manner  described  in  relation  to  magnetic  action 
(2173.)- 

2212.  I  HubDiitted  tur  to  the  influence  of  tlicne  belicei  mru> 
fully  and  niixloiisly,  but  could  not  discover  »ny  trace  of  action 
On  tbn  polariiMHl  ray  nf  liglit.  I  put  tlic  long  Iiclix  (21!)0.)  into 
tbc  otbcr  two  (211>1.  2If>2.),an(i  combiitt^il  tticni  all  into  one 
['Consistent  scries,  so  as  to  accumulate  power,  but  could  not  ob- 
■crve  ajiy  effect  of  tlteni  on  light  pnsRiiig  through  nir. 

221<^.  In  the  une  of  helices,  it  is  neof-isary  to  be  aware  of  one 
effect,  irliicb  might  otlicrwiac  rauHir  confusion  and  trouble.  At 
first,  the  wire  of  the  louji  helix  (2190.)  was  wound  directly  upon 
the  thiu  gIfLss  tube  which  served  to  contain  the  fluid.  When 
the  electric  current  pnased  through  the  hcHx  it  raised  the  tem- 
pemture  of  the  mctsl,  and  that  gradually  ralsud  the  tcmperatum 
of  the  glass  and  the  iitm  of  water  in  euulact  with  it,  and  so  the 
cj'liudcr  of  water,  wurmer  at  its  siui'uce  than  its  iixis,  acted  as  a 
lens,  gatheiiug  and  sending  rays  of  light  to  the  eye,  and  con- 
tinuing to  act  for  a  time  after  the  current  was  8topi>cd.  By 
•cparatjng  the  tube  of  water  from  the  helix,  and  by  other  pre- 
cautious, tilts  source  uf  confusion  in  eutiily  avuideU. 

2214.  Another  poiut  of  which  the  experimenter  should  be 
aware,  is  the  difficulty,  and  almost  inipoi^sibility,  of  obtnin- 
ing  a  piece  of  glass  which,  caiiccially  after  it  is  cut,  does  not  (le> 
:  pulariiu:  light.  When  it  does  depolarize,  diU'crencc  of  position 
makes  an  immense  difTcrcncc  in  the  nppcaraacc.  Dy  always 
referring  to  the  p«rt»  that  do  not  depolarize,  as  the  black  cross, 
for  instance,  and  by  bringing  the  eye  aa  near  m  may  be  to  the 
glasa,  this  diflu-ulty  is  more  or  lews  overcome. 


S!3I5.  For  the  sake  of  supplying  a  gwieral  indication  of  the 
amount  of  this  induced  rotating  (itrce  iu  two  or  three  boclien, 
Lan*!  without  any  pretence  of  offering  correct  nunabere,  I  will 
;  give,  grncrally,  the  results  of  a  few  attempts  to  mcaaurc  the  force, 
and  compan:  it  with  the  naturid  power  of  a  specimen  of  oil  ot 
turpentine.  A  very  powerful  electro- magnet  was  employed, 
with  a  eotutant  distance  between  iti*  poles  of  2^  inches.  In  this 
•pace  was  placed  different  Mibstanr*^^;  the  itmouut  of  rotation 
of  the  eye- mcee  observed  several  times  and  the  average  taken, 
as  eiLpressing  the  rolatiuu  for  the  ray  length  of  substance  used. 

VOL.   III.  O 
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But  BA  the  sul»tarici!s  were  of  fliCTcrcnt  ilimensioua,  the  ray 
Irngtha  were,  by  calculation,  corrected  to  one  standard  leugth, 
ujxMi  the  assumptioii  that  tho  power  was  proportionate  to  this 
length  {ilfiS.).  The  oil  of  turjwiitine  wasof  course  observed  m 
it4  natural  state,  i.  e.  vitliout  magnetic  action.  Making  water 
1,  the  numbers  were  as  follows  :— 

Oil  of  turpentine    ....     1 1-8 
Ilcary  glass  (21al.)    ...       6'0 

Flint-gla»« 2-8 

Bock-«aJt a-2 

"Water 10 

Alnoliol lesas  than  water. 

.^tbcr less  tbuii  alcohol. 


2210.  In  nJation  to  the  action  of  magnetic andclectric  forces 
on  light,  1  coiuidcr,  that  to  know  the  comlitiou  under  which 
there  i«  no  apparent  action,  ia  to  add  to  our  knowledge  of  their 
mutual  relations;  and  will,  then-fore,  von,-briefly  ulate  bow  I  ha^e 
lately  corahinal  thrac  forces,  obtaining  no  apparent  result  (955.). 

2217.  Heavy  glaiw,  flint-glaas,  rock  crystal,  Iceland  spar,  oil 
of  turpentine,  and  air,  hud  a  pulnxiKcd  my  passed  through  them; 
and,  at  the  snme  time,  lines  of  cleclro-stutic  tension  (ifltl).) 
were,  by  means  of  contingei,  tlie  I<eydcn  jar,  and  the  electric 
machine,  din^etcd  acroiw  iht-  hodies,  parallel  to  the  potariised  ray, 
and  perpendicular  to  it,  bolli  in  and  acrosa  the  plane  of  polariza- 
tion ;  but  without  any  visible  effect.  The  tcnaion  of  a  rapidly 
recurriu(f,  induced  secondary  current,  wiis  also  directed  iiix>n 
the  same  bodies  and  upon  nater  {as  an  electrolyte),  but  witbtlie 
same  negative  result. 

2218.  A  polarized  ray,  powerfiil  maguetic  lines  of  force,  and 
the  electric  lines  of  force  (214!>.)  just  described,  were  eumbined 
iu  rarioua  dircctionn  in  their  actioti  on  heavy  glass  (3ir>l.  217fl.), 
but  with  no  other  result  tbnn  that  due  to  the  mutual  action  of 
the  magnetic  lines  of  light,  already  described  in  this  paper. 

2219.  A  polarized  ray  and  electric  current*  werecombincd  in 
every  poaniblc  way  in  clectndytea  (951-95'1).  The  substancea 
used  were  distilled  water,  solution  of  sugar,  dilute  sulphuric 
mcid,  Hulutiuu  of  eulphateof  aoda,  usiug  platinum  eleetrodnt;  and 
solution  of  sulphate  of  cop|>er,  usinjf  copper  electrodes :  the 
current  was  sent  along  the  ray,  and  perjiendiculftr  to  it  in  two 
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directions  at  right  angles  witli  each  other ;  the  ray  was  m»de  to 
rotate,  by  altering  the  position  of  tlio  polarizing  mirmr,  that  the 
plane  of  polarizatiou  might  be  varied  ;  the  current  was  used  an 
■  ooDtiuuon»  cnrrcnt,  as  a  rapidly  intermitting  current,  and  as 
a  rapidly  alti;rnatingclniihlc  current  of  induction  ;  hut  in  no  case 
wa«  any  trace  of  action  perceived. 

%'Z'Xi.  Lastly,  a  ray  of  polarized  light,  electric  currents,  and 
magneltc  lines  of  force,  were  directed  in  every  possible  wny 
thruagh  dilute  sulphuric  acid  and  solution  of  sulphate  of  soiU, 
but  still  with  nrgatirc  rRsiihs,  except  in  tliosc  panitions  nlicrc 
the  phicuoinena  already  dcscrtbLtl  were  produced,  in  one 
arrangrmeDt,  tlic  current  pasfu-xl  in  tiic  direction  of  radii  (nnn  a 
central  to  a  circumferential  electrode,  the  contrary  magnetic 
poles  being  placed  above  and  below;  and  the  arrangements  were 
so  good,  that  when  the  eleetric  current  was  piuwing,  the  fluid 
rapidly  rotated  ;  bnt  a  pnlariKed  ray  sent  hnrijcontally  aeniss  this 
arrangement  was  nnt  at  all  aflirtTted.  Also,  when  the  ray  was 
sent  vertically  through  it,  and  the  eyc-picec  moved  to  corrc- 
apoud  to  the  rotation  impressed  upon  the  ray  in  this  poiiitioa 
by  the  magnetic  corves  alone,  the  supcrindnetion  of  the  passage 
of  the  electric  current  made  not  the  least  dliferetice  in  the  effect 
upon  the  ray. 


5  iii-   General  romideralions. 

2231.  Thus  is  eatablished,  I  think  for  the  first  time',  a  true, 
direct  relation  and  dependence  between  light  and  tlie  magnetic 
aud  electric  forces  ;  and  thus  a  great  addition  made  to  the  facts 

'  I  asy,  for  die  first  timi.>.  Waiisk  f  di>  not  ibink  tLnt  tbo  lapcriuicntd  of 
Momckini  oo  the  producUoo  of  m^pifti&m  hy  tlio  ny.i  nt  tlie  x'uAvi  vaA  (if 
tli«  ■pactnun  proT«  say  such  ixlsliou.  Whca  in  Uomc  with  tiu  II.  Davy  in 
til*  nMittli  aS  Hay  1814,  t  apeDl  muthI  liuim  nt  lb<i  Iiiniiu-  <<f  Momcliioi, 
woridng  witk  kis  sppsntiis  sod  niuier  his  din^ctions,  but  eaaXA  not  aiujouod 
in  Basfiwtaiaf  a  aecdli;.  I  Iiav«  no  oonfidciii-i;  iu  tbc  rfftxrt  sp  a,  dirrii  rtviult 
of  ttaoactiMi  of  ibe  ran'*  nys;  but  tliiok.  tbat  when  it  hiis  occurreil  it  ha« 
htea  •Mondsry,  inddaoUl,  uid  pcrhups  ernn  KrciddDtitl ;  a  rotilt  tUat  migUt 
well  lM|ip-D  wiUi  a  xteei\e  tliatwB«  preecrred  tliuiD];  lliewliolc  ex  p«  rial  cut  in 
B  luirib  sad  •oiilb  pi;«ili<>o. 

Jamaary  3,  l»iW.— I  fhoidd  art  Iinr*  written  "for  lb«  firet  time"  M  aboro, 
if  I  bad  reawrakcied  Mr.rhiintJi^'it^xiieriniADtssDd  psponton  thi-Innut^twecf 
Ui«  Subr  Rays  oa  Mn^«t»,  coiBmu)iiosti>diDtlie  Philosopliksl  TraasacUonS'. 
lot  laas,  p.  310,  uid  U:».  p.  379.— M.  F. 
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■nd  considemHonB  whidi  tend  to  pravc  that  all  natural  forces 
are  tied  togetli«r,  anil  liave  nne  commuri  origin  (21MJ.).  It  is 
no  duubt,  <1if1ii:uU  in  the  present  atatt;  of  our  kiiowlcdge  to  cx- 
prnsB  our  expectation  in  exact  terms ;  and,  ILoukIi  I  bave  said 
tbat  auotbcr  of  the  poncrs  of  utiture  is,  in  these  cxpcrunciita, 
directly  related  to  the  rest,  I  ought,  perhaps,  rather  to  say  thot 
another  form  of  the  great  power  ia  distinctly  and  directly  related 
to  the  other  forms;  or,  tliut  the  great  power  manifested  by  par- 
ticular ptifeuomcDa  iu  particular  forms,  is  here  further  identified 
and  rccogniKcd,  by  the  direct  relation  of  its  form  of  light  to  its 
forms  of  electricity  and  maKueti*m. 

22211.  The  relation  existinf;  Iwtween  polarised  light  and  mag- 
netism and  electricity,  is  evou  more  intun-itliug  ihiui  if  it  had 
been  sliown  to  cxixt  with  common  light  only.  It  cannot  but 
extend  to  common  light ;  and,  as  it  belouga  to  light  made,  in  a 
certain  rc*pcc:t,  more  prrcisc  in  ita  ehoractirr  and  propt;rtics  by 
polarixation,  it  collidtM  and  connects  it  with  these  powers,  IE 
the  duality  of  chnractei*  which  thoy  poaseas,  and  yiclda  an 
opening,  which  before  was  wanting  t^  lis,  for  the  applianoe  of 
these  powers  to  the  investigation  of  the  nature  of  this  and  other 
radiant  agencies. 

2223.  llcferring  to  the  conventional  distinction  before  made 
(214,9.),  it  may  be  again  stated,  that  it  is  the  mnj^QCtic  lines  of 
force  onfi/  which  are  effectual  on  the  rays  of  light,  and  they  otily 
{in  Hppcararii'c)  when  parallel  to  the  ray  of  light,  or  as  they  tend 
to  parallelism  with  it.  As,  in  reference  to  matter  not  magnetic 
after  the  manner  of  iron,  the  pbtenomena  of  electric  induction 
and  elcctrolvRation  show  a  vast  snperiorily  in  the  energy  with 
■which  electric  forces  can  act  as  compared  to  magnetic  forccB,  so 
here,  in  another  direction  and  in  the  jieculiarand  eorrcn pendent 
effects  which  belong  to  magnetic  forees,  they  are  shown,  in  torn, 
to  possess  great  superiority,  and  to  have  their  full  efjuisalcut  of 
action  on  the  some  kind  of  matter. 

2224.  The  magnetic  forces  do  not  act  on  the  ray  of  light 
directly  and  without  the  intervention  of  mnttcr,  hnt  through 
the  mediation  of  the  Hubstauce  in  which  thev  and  the  rav  have 
a  simultaiicoua  existence;  the  substances  and  the  fon-cs  giving 
to  and  receiving  from  each  other  the  power  of  acting  ou  the 
light.  This  is  shown  by  ttte  non-action  of  a  %'acuuni,  of  air  or 
gases ;  aud  it  is  also  further  shuwu  by  the  special  dcgras  in 
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which  different  matters  possess  the  projwTtj-.  That  niRxnetic 
force  iict*  upon  tin:  ruy  of  light  always  with  the  same  eliaraeter 
of  manner  oud  in  the  kuiik-  direction,  independent  of  the  difiVr* 
cut  varieties  of  substance,  or  their  status  of  HoHd  or  liquid,  or 
their  8|>ecifif  rotative  foree  (2232.),  shows  that  the  magnetic 
forec  and  the  ll^ht  huce  a  direet  relation  :  hut  ihnt  subotaooca 
are  uei;(9uuu'r,  and  that  thrsc  act  iu  diilerent  degrees,  sliovsthaC 
tlic  ma^etiam  and  the  lij^Kt  act  ou  each  other  through  the  )n> 
tervf^'ution  of  the  mutter. 

;W:i5.  Recognizing  or  perceiving  matter  ottly  by  its  powers, 
and  knowing  nothing  of  any  imaginary  nucleus,  ahutract  from 
the  idea  of  these  powers,  the  phsenomcna  described  iu  this  paper 
much  strengthen  my  inclination  to  trust  in  the  views  I  have  on 
a  furuier  occaniou  advanced  in  reference  to  its  nature'. 

222t'>.  It  cimnot  be  doiibtnl  that  the  mnguctie  forces  act  upon 
and  alfeet  tlic  internal  constitution  of  tht^  dinmngnctic,  just  as 
freely  in  the  dark  as  when  a  ray  of  light  is  passing  through  it ; 
tbougfa  the  pbarnomcna  pruduceil  by  li^lit  socm,  as  yet,  to  pre- 
sent the  only  means  of  observing  this  eoustitutiun  and  the  ciiange. 
Further,  any  such  change  as  tliis  must  belong  to  opuke  bodius, 
BUch  a«  wood,  stone,  and  metal;  ibras  diamnf^ctics,  there  in  no 
distinction  bt-tween  ihem  and  those  which  arc  trimfparent. 
The  degree  of  transparcucy  can  at  the  ulmust,  iu  this  respect^ 
only  make  a  distinction  between  the  individuals  of  a  claiia. 

3:^27.  If  the  magnetic  forces  had  made  these  bodies  magnets, 
vc  could,  by  light,  have  examined  a  transpareut  magoct;  and 
^at  ivould  have  hccu  a  great  help  to  our  investigation  of  the 
-fbrcea  of  matter.  But  it  does  not  make  litem  innguets  (2171. )j 
and  tJicreforc  tlie  molecular  condition  of  these  Ixxlics,  when  in 
the  stale  described,  must  be  apcciticaliy  distinct  from  that  of 
ma^ueliiiud  iron,  or  other  such  matter,  and  maet  be  a  new  mag- 
netic condition ;  and  as  the  condition  is  a  state  of  tension  (mani- 
icsted  by  itA  instantaneous  return  to  the  normal  state  when  the 
maguetic  induction  is  removed),  so  tlie  force  which  the  matter 
in  this  state  possesses  and  itt  mode  uf  octioti,  mual  fae  to  us  a 
nrv  magnetic  force  or  mode  uf  action  of  matter. 

2^2^.  For  it  is  impossible,  1  think,  to  obevn-e  and  see  the 
action  ofmagnetic  forces,  rising  iu  inteiif  ity,  o|>on  n  piece  of  heavy 
gUsa  or  a  tube  of  «  ater,  without  also  perceiving  that  the  latter 

•  VoL  ii.  p.  2M,  or  Philoui^acsl  Msgnnnp,  iai4,  vol.  uiv.  p.  190. 
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scquii'e  properties  w-hicli  are  not  ouly  nfw  to  tlic  substance,  but 
are  also  in  subjection  to  Tcry  dcfmite  mid  precise  laws  (21G0. 
2100.),  am)  btc  cquiv^eut  ill  proportion  to  the  magnetic  forces 
producing  tbem. 

2:J29.  Pt!riiHpH  this  state  is  a  state  of  eteclrie  teimoa  tending 
ie  a  current ;  a«  in  magnets,  according  to  Ampere's  theory,  the 
state  is  a  state  of  current.  W'lien  a  core  of  iron  is  put  into  a 
Iielix,  everytliing  leads  us  to  bclieTe  that  currents  of  electricity 
are  produocd  witliin  it,  which,  rotate  or  move  in  a  plane  pcrjien- 
diciilar  to  the  axis  of  the  helix.  If  a  diamagiictic  be  jitacod  in 
the  same  position,  it  acquires  power  to  nakelif^ht  rotate  iu  the 
Rame  plane.  The  state  it  tins  received  is  a  Htate  of  tension,  hut 
it  has  not  passed  on  iutu  eiirreuts,  though  the  acting  force  and 
every  other  ctrcumstaticc  and  condition  ai'C  the  some  as  those 
which  do  produce  eurrunts  in  iron,  nickel,  cobalt,  and  such 
other  luatlertt  as  are  fitted  to  receive  them.  Hence  the  idea  that 
there  exists  iu  diaoiaguetics,  under  such  circumstauces,  a  ten- 
dency to  currents,  is  consistent  with  all  ibe  pliicnonicna  as  yet 
deacrihcd,  aiul  is  furlhcr  strengthened  by  the  fact,  that,  leaving 
the  loadstone  or  tho  electric  current,  which  by  iuductirc  action 
is  rendering  a  piece  of  ii*on,  nickel,  or  cobalt  magnetic,  perfectly 
uuchauged,  a  mere  change  of  teQi])craturc  will  take  from  these 
bodies  their  extra  pairefj  and  make  them  pasa  into  the  common 
cltUH  of  diamagnclicii. 


2a30.  The  present  is,  I  believe,  the  first  time  tliat  the  molot 
cnluT  condition  of  a  body,  re<iuired  to  ]iroduce  the  circular  po- 
larisation of  light,  has  I>ceu  artificially  given;  and  it  is  therefore 
very  intei-e.'iting  to  consider  this  known  state  and  condition  of  tlic 
body,  comparing  it  with  the  relatively  unknown  state  of  those 
vrbieb  poascs*  the  power  naturally  :  especially  as  some  of  the  lat- 
ter rotate  to  the  right-hand  and  others  to  the  left  ;  and  as  in  the 
casci*  of  quartz  and  oil  of  turpentine,  the  same  body  cheinieally 
speaking,  being  in  tlie  latter  instance  a  liquid  with  particles  free 
to  move,  prciscnts  dilfcrcnt  epccimcns,  some  rotating  one  way 
and  some  the  other. 

2231.  At  first  one  wonid  be  inclined  to  conclude  that  tlie 
natural  state  and  the  «tate  conferred  by  magnetic  and  electric 
fmrces  mu&t  be  the  name,  since  the  eirccl  is  the  same;  but  ou 
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{urtber  oonsiderntiuQ  tl  seems  rvrj  difficult  to  come  to  siicb  a 
CODcla»ioD.  Oil  of  turpeutioe  wUl  rotate  a  rav  of  light,  tbo 
^  power  dcpcndinjr  upon  its  particles  and  not  vpon  the  arrangc- 
uni  of  tlie  ma<i3.  AVbidicvcr  way  a  ray  of  polarized  ligbt 
tbrougb  tbis  finid.  It  is  rotated  in  tbc  same  mauucr; 
Ivid  rays  paasing  in  ever)'  po<sftible  dirccHoii  iliroii;;b  it  simutta- 
iKoiubf  are  all  rotated  witb  equal  force  and  according  to  one 
common  la,w  of  direction ;  i.  e.  citbcr  all  rigbt>haiided  or  else  all 
to  the  left.  Not  »o  with  the  rotation  »)i|K:riDduci>d  on  tlir  tame 
oil  of  turpentine  by  tlie  miignetic  or  electric  forces  :  it  exists 
only  in  one  direction,  t.  e.  in  a  plane  ])crpcndienlar  to  the  mag- 
netic line  ;  and  Mng  Itmltrd  to  tliin  plane,  it  can  Ix-  ebaii^cf^  in 
directiuu  by  a  rcvunsal  of  tbc  dircftion  of  tbc  iuduciuf;  force. 
Tbe  dtrectioQ  of  the  rotation  produced  by  tbc  natural  etato  is 
conneettVl  tnvurinbly  witb  tbc  direction  of  tbc  ray  of  ligbt;  but 
tbe  power  to  produce  it  appears  to  be  possessed  in  every  direc- 
tion and  at  all  times  by  tbc  particles  of  tbc  fluid  :  the  direction 
,  of  tbc  rotation  produced  br  tbc  induced  condition  is  coimcctcd 
'-iuTftnably  witb  tbc  direction  of  tbo  mognctir  line  or  tbc  electric 
cnrrent,  and  the  condition  is  poiecescd  by  the  particles  of  mat- 
ter, but  strictly  limited  by  tbo  lino  or  tbo  current,  cbanging  and 
disappearing  nitb  it. 

2232.  I«t  m,  in  fig.  3,  represent  a  glass  cell  filled  witb  oil  of 

iurpcntinc,  posMssing  naturally  the  power  of  producing  nRbt- 

[laod  rotation,  and  aba  [winrized  nty  of  ligbt.     If  the  ray  pro- 

roeed  from  a  to  b,  and  the  eye  be  pluecd  at  6,  the  rotation  will 
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he  right-handed,  or  according  tn  the 

direction  eiprciucd  hy  tbe  arrow  hauh 

on    the  circle  c ;  if  tbe   my  proceed 

from  b  to  a,  and  tbc  eye  be  placed  ut  a, 

tbc  rutntioD  irili  etitl  be  right-handed  to 
rtke  obwrwr,  i.   e.   acoor«ling  to   tbe 

direction  indicated  ou  tbe  circle  d.    Let 

now  EH  electric  cutrent  pass  round  the 
■  ml  of  turpentine  in  tbe  direction  indt* 
'  catod  on  Ibe  circle  c,  or  magnetic  polca 

be  placed  bo  as  in  produce  tbe  same 

effect   (21  j3.);   the   partifles   will    ac- 

(juirea  further  rotatire  force  (which  no 

motinn  amongst  tbemsclres  will  dintnrb),  and  a  ray  coming  ^tom 
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a  io  b  wiU  be  »ccn  by  an  vyc  plftci-d  at  d  to  rotate  to  tht.'  rigbt- 
liaud  more  tlian  Itcforc,  or  in  tbr  direction  on  tfce  circle  r;  but 
pass  a  ray  from  b  to  a,  and  ob«cn*c  with  the  eye  at  a,  and 
the  phecuomeiion  is  no  longer  the  oame  as  befure ;  for  iiiBtcud  of 
tite  ucw  rataticin  being  aceonling  to  the  direction  uidicated  od 
the  circle  d,  it  iriU  be  in  tlic  contrary  ilia-ction,  or  to  tbe  obser- 
ver's Itft-liand  (2199.).  lu  fuct  the  induced  rotation  will  be 
added  to  the  natural  rotation  as  reitpcct«  a  ray  passing  Erom  a  to 
b,  but  it  will  bt!  subtract(?d  from  the  ualupul  rotation  as  regnrtls 
the  ray  jiassiiig  from  b  to  u.  Heace  the  particles  of  this  fluid 
wliieh  rotate  by  virtue  of  their  natural  force,  and  those  iihi(;h 
rotate  by  rirtue  of  tlic  induced  force,  cannot  be  in  the  coiuc 
cooditioa. 

J2S33.  As  respects  the  power  of  the  oil  of  turpentine  to  rotate 
a  ray  in  whatever  direetlou  it  is  passing  through  the  liquid,  it 
may  well  be,  ihiit  thongh  all  the  particles  jwissess  the  power  of 
rotating  the  light,  only  thonr  whose  planes  of  rotation  are  more 
or  \cfs  perpendicular  to  the  ray  aiFcct  it;  and  that  it  in  the  n^sult- 
ant  of  6um  of  forces  in  any  one  direction  which  is  active  in  pro- 
ducing rotation.  But  even  then  a  striking  dificrence  remains, 
because  the  resultant  in  the  same  plane  is  not  absolute  in  diree- 
tion,  but  relative  to  tbe  course  of  the  ray,  being  in  the  one  case 
aa  the  circle  c,  and  in  the  other  as  the  circle  rf,  fig.  3;  whercus 
the  resultant  of  the  magnetic  or  electric  inductiou  is  abdolut«, 
aod  not  changing  with  the  course  of  the  ray,  beiTig  always  either 
as  expressed  by  c  or  else  as  indicated  by  d. 

223i.  All  these  difFcrcnccs,  however,  will  doubtleas  disap- 
]»car  or  come  into  harmony  as  these  investigations  are  extended ; 
and  their  very  exiateucc  opciis  so  many  paths,  by  which  we 
may  purine  onr  inquiries,  more  and  moi*e  deeply,  into  the 
powers  and  eunittitution  of  matter. 

22.15.  Bodies  having  rotating  power  of  themselves,  do  not 
Bcem  by  that  to  have  a  greater  or  a  less  tendency  to  assume  a 
further  degree  of  tbe  same  force  uudur  the  intluencc  uF  magnetic 
or  electric  power. 

2230.  Were  it  not  for  these  and  other  differences,  we  might 
aee  au  analog}'  between  those  bodies,  which  possexs  at  all  times 
the  rotating  power,  as  a  six-cimen  of  ijuartz  which  rotates  only 
in  one  plane,  and  also  tlmse  to  which  tbe  |iowi-r  is  given  bv  the 
iDductioa  of  other  forces,  &$  a  prism  of  heavy  glass  in  a  helix. 
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be  fonnil  to  exist  m  magnetic  acLton ;  and  I  publiithcd  certain 
cipcnmcuts  iind  cousiilcrutious  on  this  point  seven  years  ago 
(1709-1730).  I  could  uot  tlicu  diucoYer  any  peculiar  con- 
dition of  tbe  intervening  substauce  or  di&roagnctic ;  but  now 
tlint  I  ha%'o  been  able  tu  make  out  nwrb  a  state,  wLicU  is  not 
only  a  Btttte  or  tension  (2227.),  but  deiieiideut  eutirely  upon  the 
magnetic  liuett  wlileU  pass  thruugli  the  8ubf>tance,  I  am  more 
than  ever  encouraged  to  believe  that  the  view  then  advanced  is 
correct. 

2241.  Altbougb  the  magnetic  and  electric  forces  appear  io 
ctert  uo  power  on  the  ordlnnry  or  on  tbe  depolarized  mj  of 
light,  ve  ran  hardly  doubt  bnt  that  tliey  bavesomc  special  influ- 
ence, which  probably  wilt  spOOu  be  made  apparent  by  experiment. 
Neither  can  it  lie  supposed  otherwise  than  that  the  same  kind 
^f  action  should  take  ploec  on  the  other  forms  of  radiant  agents 

.  heat  and  chemical  force. 

22't2.  This  mode  of  magnetic  and  electric  action,  and  the 
phKuomeua  presented  by  it,  will,  I  hope,  gnatly  assist  U«;rt^after 
in  the  investigation  of  the  nature  of  trauspareut  bodies,  of  light, 
of  magnets,  aud  their  action  one  ou  another  or  on  maf^etic 
Bubattnccs.  I  am  at  this  time  engaged  in  inve*tigntinjr  the  new 
magnetic  condition,  and  Rhall  shortly  send  a  further  account  of 
it  to  the  Royal  Society.  Wtiat  the  possible  cITcct  of  the  force 
a^y  be  iu  the  earth  os  a  whole  or  in  niaguetK,  or  in  rcUtion  to 
the  aun,  and  what  may  be  the  best  means  of  causing  light  to 
evolve  electricity  and  magnetism,  arc  thoughts  continually  press- 
ing upon  the  mind  ;  but  it  will  be  better  to  occupy  both  time 
and  thought,  allied  by  experiment,  in  the  investigation  and  de- 
velopment of  real  truth,  than  to  use  them  in  the  invention  of 
BUppoHiliouB  which  may  or  may  not  bo  founded  on,  or  consistent 
with,  fact. 


Royai  Itutilution, 
Oct.  20,  1845. 
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§  27.  On  unr  magnetic  actionn,  mid  on  the  maffnetic  etindttion  of 
alt  malfer  ,  ^  i.  AjtpartUus  required.  ^  ii.  Action  of  ntng- 
nets  on  keary  glass.  ^  lu.  Action  t^f  magnets  on  ot/irr  sub- 
stances  acting  magnriicallg  on  light,  ^  iv.  Action  t^f  magnets 
on  the  meteis  generalig. 

BcoeiiMl  Docmbw  6,— Read  DecenWr  18,  IStS. 

S3'13.  Tas  cootcnta  of  the  Ittat  s«ricfl  of  tlicse  Bewarchea  were, 
I  think,  BulIicienL  tu  justify  tbe  statementj  that  a  uc-w  uiaguelic 

■  Philoeophieal  Tnunutioiu,  1816,  p.  SI. 

*  M;  Eiicnil  Mr.  lVk«*lstaaB  liu  tkis  i»,y  railed  tar  attention  to  »  paporliy 
M.  ilMqiMnl,  "  Oa  the  naipurtle  actiou  exdted  in  tH  bodiva  by  the  indueim 
cf  my  cBetgctie  nugnob,"  nul  to  Hm  Aeadraiy  of  Seuineai  on  iha  27tli  ol 
S«ptcnb(T  1837,  ud  pub)(sl>«d  intfac  AamtlwdpCbiiniv,  xxxii,  p.  337.  It 
Klal«a  to  tbe  acliuu  d"  iIik  iiiK|fn«t  od  a  uagDetic  needle,  on  wft  irou,  od  tbe 
dentoittde  and  ttitoxide  af  iron ,  od  tbc  tiitoxide  aloas,  and  on  a  neodle  of  wood. 
Tbe  »ullror  obattvcd,  nod  quotes  Goolowb  at  baring  atM  obMCvod,  that  a 
hbkUs  of  wood  uodcr  certain  conditions,  pointad  anran  th«  niifrnetic  minrea ; 
and  he  also  *tatw  Ibe  ithkui|i>  fB«t  that  be  had  fonnd  a  needle  of  wood  plaee 
itaeUpazmlkl  to  tb«  wine  of  n  ^Tonumi-lcT.  Thmc  rflccto,  buwcrL-r,  be  rcfcn 
to  a  depne  of  tnagnetiam  leu  tbao  ihnt  of  the  tritoxide  of  iron,  but  tbe  same 
in  ebaract«r,  for  tbo  bodica  take  tbe  Mune  position.  Iliepotui^ofateelaiid 
tn>g  u  stftted  (0  be  in  tbe  diiwHou  of  the  leogtb  of  tbc  eubetaniw,  but  tbet  of 
uiUxide  uf  iniB,  wood  aod  gum-lac,  nuul  frequently  in  tbe  dlroctian  of  tbe 
widtb,  ukI  ^wi^  wben  oiw  raagnstic  pole  m  MnpUj-itd.  "Tbia  diAennce  of 
afllacl,  wbich  eetabUijhw  a  lim  of  denaanation  betivoco  tbeeo  two  epeciae  of 
plueaoBMraa,  ia  diM  to  this,  that  tbe  magnelwin  Vlng  rerr  fe»Me  in  tbe  trit- 
oxide  of  im),  wood,  &e.,  we  mnj-iMgleet  tbe  tpiwtion  «f  tbn  hudy  ou  iuulf,  mid 
Uierafotv  tbi-  direct  t/Aian  nf  (be  bar  nogbt  to  ovomile  it." 

&i  tbe  paper  does  not  lefur  tbe  phnnomena  of  wood  and  inini-W  to  oo  ele* 
n'^ntarr  rtpuUie*  ttKt'u>a,aat  iihow  tbatthevaiv-  rommon  to  nn  itimicnM  dus 
nf  bodi».nordjstin{;uitib  thlicliias.-Khich  1  Kkvi- ctillud  diiiuiu4,-ii<;lic,ban)  lb* 
mapwtic  dax* ;  aad,  at  it  raabea  oil  magnetic  actiim  of  mio  tiiud,  wlicrMui  I 
ahow  tbat  tbere  &»  two  kirxl*  ofouclt  action,  ns  distinct  frt^m  varli  ntliir  na 
poiitlreuMi  MgatiTeeUclrii;  action  an  iu  tbtar  way,  w  1  dv not  tbinb  1  need 
al(»r  a  vord  or  ibe  daleuf  llinl  nliii^b  1  hate  uiitleu;  butaui  niuitKlnd  bera 
to  acknowled^  M.  BociucTel's  ituporteAt  tncu  and  laboun  ia  icference  to  tbia 
■ab)eet.-M.  F.  Dm.  6,  1(MC. 
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condition  (f.  e.  one  ucw  to  onr  knowledge)  bad  been  iinpressed 
on  matter  by  subjecting  it  to  the  action  of  magnetic  and  electric 
foivefi  \^H'i7.)  ;  wbi(--h  ucw  coudittou  was  made  niiinif'L'«t  by  the 
powcn  of  action  vhicb  tbe  inatt«r  bad  acqiiiretl  over  Light.  Tlie 
phteuonicutt  now  to  be  dcsmhcd  arc  altogetlier  dtfFercnt  in  their 
nature  ;  and  they  prove,  not  oidy  n  magnetic  condition  of  tbe 
BubHtouci^a  referred  to  unknown  to  ns  before,  but  ulsu  uf  niauy 
otiicrs,  ini'luding  u  vast  nuiiibcr  of  ojiokc  aud  metallic  bodic-s, 
and  perhaps  all  except  the  mnfructic  metaU  and  their  com- 
pounds: and  they  nUo,  through  thnt  condition,  prc^nt  us  with 
the  Qieam  of  undertaking  the  correlation  uf  magnetic  plixno- 
mena,  aud  perhaps  the  conittriu-tion  of  a  theory  of  geticral  uiag- 
netic  action  founded  on  niinplc  fiindnmcntal  principles. 

22  W.  The  whole  matter  is  su  ucw,  and  the  pliscnomena  80 
rai-icd  and  general,  that  1  must,  with  crcry  dc»ire  to  be  brief, 
describe  mnch  which  «t  last  will  he  fonnri  to  concentrate  under 
simple  principles  of  nctiun.  Still,  in  the  present  state  uf  our 
knowledge,  such  \»  the  unly  niclliud  by  whtcJi  I  can  make  tlieHe 
principlcii  and  Ihcir  rcnults  suflicicutly  manifest. 

If  i.  Apparaitt»  required. 

S2>t5.  The  effeets  to  be  dcscrilxHl  require  magnetic  apparatus 
of  great  power,  and  imder  perfect  command.  Both  these  points 
arc  obtained  by  the  u«c  of  clecti-o-raagnets,  whtch  can  be  raised 
to  a  degree  of  force  far  beyond  that  of  natural  or  »lccl  magrcts ; 
and  further,  can  be  suddenly  altogether  deprived  of  power,  or 
made  energetic  to  the  highest  dngrec,  wiiliout  the  slightest 
alteration  of  the  arrangemeut,  or  of  any  other  cireiim«tanee 
belonging  to  an  csiicriment. 

)i246.  One  of  the  clcctro-raafr'ncta  which  ]  nae  is  thnt  a!r(-a<ly 
dciwiibed  under  the  term  Woolwich  helix  (2192.)-  The  soft 
iron  core  Iwlongiiig  to  it  is  28  inches  in  length  and  2-G  inches 
in  diameter.  When  thrown  into  iietion  hy  ten  pair  of  Gw)ve'» 
plates,  either  cad  will  sustain  one  or  two  half-  hundrt-d  weights 
banging  to  it.  The  magnet  can  he  placed  either  in  tlie  vertical 
or  the  horiwmtid  position.  Tlie  iron  core  isa  cylinder  with  flat 
cuds,  but  I  have  had  a  eone  of  iron  made,  '2  inches  in  diameter 
at  the  base  and  ]  iuch  in  height,  and  this  placed  ;it  Ihc  end  of 
the  coro,  foruis  u  conical  terminnlion  to  it,  when  required. 
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22 17.  Another  magnet  which  I  hare  had  made  liiu  the  honie- 
ihoe  form.  The  bur  of  iron  is  4C  iijcht^  in  length  ami  3- "3 
inchn  in  diameter,  and  is  lo  bent  that  the  cxtirmitiea  Forming 
the  polM  arc  6  inches  from  each  other ;  322  feet  of  copper  wire 
017  of  an  inch  in  diameter,  and  coTcred  with  tape,  arc  wound 
round  the  two  straight  parta  of  the  bar,  formiog  two  coUs  on 
theu  parts,  each  16  iucbcit  in  length,  and  compoecd  of  three 
Ujrera  of  wire .  the  poles  are,  of  conr»c,  G  iuohes  apart,  the 
enda  we  planed  true,  and  against  these  move  twothort  bars  of  soft 
iron,  7  inches  long  and  2^  by  1  inch  thick,  which  can  be  ad- 
Jiuted  by  screws,  and  held  at  any  distance  lc«8  than  0  iui-he» 
fiom  each  olht-r.  The  ends  of  the*e  bars  form  the  opposite  p<dc» 
of  contrary  name ;  the  ma|fnetic  field  between  them  can  bo 
made  of  grentcr  or  nniallcr  extent,  and  the  intenaitj  of  the  tinea 
of  magnetic  force  !«■  proportionately  varied. 

S3-1S.  For  the  aiupcasiou  of  subatancca  between  tind  near  tho 
poles  of  these  magnets,  I  occasionally  nscd  a  glass  jar,  with  a 
plate  and  sliding  wirent  the  top.  Six  or  eight  lengths  of  cocoon 
kilk  lieing  equally  strct<;hed,  were  made  into  one  thread  and  at. 
tached,  at  the  upper  end,  to  the  sliding  rod,  and  at  the  lower 
cud  to  a  stirrup  of  imiiCJ,  iu  which  anything  to  be  cxperiuieuted 
on  coold  be  sostftiaed. 

2249.  .\notbpr  very  nsefnl  mode  of  Hnspeni<ion  wa«  to  attach 
one  end  of  a  fine  thread,  6  feet  long,  to  an  adjustible  arm  near 
the  criting  of  the  room,  and  terminating  at  the  lower  end  bv  a 
little  ring  of  copper  wirx; ;  any  substance  to  be  suspeudrd  could 
be  held  in  a  simple  cradle  of  fine  copper  wire  having  H  or  10 
inches  of  the  wire  prulonge«l  upwan) ;  this  being  bent  into  a 
hook,  at  the  aapcrtor  extremity,  gave  the  means  of  attachment  to 
the  ring.  The  height  of  the  suspended  substance  could  be  varied 
at  pIcaDiire,  by  Wnding  any  part  nf  the  wire  at  the  instant  into 
the  hook  form.  A  glass  ci,-lindcr  placed  between  the  magnetic 
poles  was  quite  sufficient  to  keep  the  mspendcd  substance  free 
from  any  motion,  ilue  to  the  agitation  of  the  air. 

3250.  It  is  tieeessanr,  before  entering  upon  an  experimental 
inrestigation  with  suck  an  apparatus,  to  be  aware  of  the  effect 
of  any  magnetism  which  the  bodies  used  may  poeaeas;  the 
power  of  the  apparatus  to  make  manifest  such  magncttsm  ia  ao 
great,  that  it  ia  difficult  on  that  account  to  find  writing-paper  fit 
for  the  stirnip  above  mentioned.     Before  therefore  any  cxperi- 
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incDtH  ore  instituted,  it  must  be  oacertaiued  tlutt  the  BQapendiii^ 
apparatus  cmjiloyed  docs  not  poiut,  i.  e.  does  uot  take  up  a  posi- 
tion parallel  to  the  lines  johiiug  tlie  msgiielic  poles,  hy  virtue  of 
the  maj^tic  force.  When  copper  suspensions  arc  employed,  a 
peculiar  effect  is  produced  (3.*)00.),  but  when  iindcrstotKl,  on  it 
will  be  hereafter,  it  does  not  uitcrfcrc  with  tlie  results  of  expcri- 
mCDt.  The  wire  should  be  (ine,  not  magnetic  as  iron,  aiul  the 
form  of  the  suiapeiulini^  crndle  should  not  be  elongated  horizon- 
tally, but  be  round  or  square  iia  to  it9  gciicrul  dimciuiousj  iu 
tbnt  direction. 

S25I.  The  Rubetauees  to  be  experimented  with  should  h«  care-' 
fully  examined,  and  rejfcted  if  not  toiind  free  from  magnetism. 
Their  state  is  easily  ascertained ;  fur,  if  magnetic,  tbey  will  either 
be  attractL'd  to  the  one  or  the  other  pole  of  the  great  luagnet,  or 
clae  point  Itetneeu  them.  No  exuiuiniitiou  by  stnuller  magiietftj 
ur  by  a  mat^nctic  needle,  La  suOicieut  for  this  purpose. 

2252.  1  shall  have  such  fre- 
quent occasion  to  refer  to  two 
chief  directions  of  position  acrosa 
the  magnetic  field,  that  to  avoid 
periphrasis,  1  will  here  ask  letive 
to  use  a  term  or  tivo,  condition- 
ally.    One  of  thoac  directions  is 

that  from  pole  to  pole,  or  atuiig  the  line  of  mn^nctic  force;  I 
will  call  it  the  axial  direction  :  ihtothcr  is  the  direction  perpen- 
dicular to  this,  and  across  the  line  of  magnetic  force  ;  and  for 
the  time,  and  as  rc-ipw-ta  the  spaces  between  the  poles,  I  will  call 
it  the  equatorial  direction.  Other  terms  that  I  may  use,  I  liopo 
will  explain  themselves. 

^  ii.  Action  o/ moffMia  on  heavy  fflau. 

2253.  The  bar  of  eilicatcd  borate  of  lead,  or  heavy  glans  al- 
ready dcBcribed  as  the  substance  in  which  magnetic  forces  were 
first  made  cHcctually  to  bear  on  a  ray  of  light  (2152.),  and 
which  is  2  inches  long,  and  about  0'5  of  an  inch  wide  and  thick, 
was  aiui|)cndcd  centrally  between  the  magnetic  poles  (2247.) ,  and 
lefl  until  the  effect  of  torsion  wae  over.  The  magnet  waa  then, 
thrown  into  action  by  making  contact  at  the  voltaic  battery  ; 
immediately  the  bar  moved,  turning  round  it«  point  of  suspcn* 
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Bton,  into  a  poaition  across  llie  maguetic  curve  or  line  or  force, 
and  aflcr  a  few  ribrations  took  up  its  place  of  mt  tbere.  On 
being  displaced  \iy  hand  from  this  poaitiou,  it  returned  to  it, 
and  this  occurred  many  times  iu  sucocaeioa. 

S25-I.  Kithcr  cod  of  the  bar  indifforctttlj  went  to  cither  side 
of  the  axial  line.  The  determining oireumHtnuee  was  simpiv  in- 
clinatiou  of  the  bar  one  way  or  the  other  to  the  axial  line,  at  tbc 
beginuing  of  the  experiment.  If  a  particular  or  marked  end  of 
the  bar  were  ou  one  side  of  the  niuguctio,  or  axiaJ  line,  when 
the  magnet  was  rendered  active  that  eud  went  further  outwards, 
until  the  bar  had  taken  up  tlie  eqiutorial  po^itioD. 

225S.  NeithpT  did  any  ehanpe  in  tim  ma^nettRm  of  the  polea, 
by  change  in  the  direction  of  tbc  electric  current,  cause  any  dif- 
ference in  thia  rcapct:t.  The  bar  weut  by  tbc  t^ortcst  course  to 
the  e(|Uutorial  positiou. 

22iiii.  The  power  which  urged  the  bar  into  this  position  wan 
so  thoroughly  under  command,  that  if  the  bar  were  sn'inging  it 
coulii  easily  be  h&atened  iu  ita  course  into  this  pciNitiun,  or  ar- 
rested aa  it  was  paasing  from  it,  by  seasonable  coiiluetx  at  tha 
voltaic  battery. 

Z2a7.  There  are  two  poflitionn  of  eqnilibriumfor  the  bar;  one 
stable,  the  other  untttablc.  M'licn  in  the  directiuu  of  the  axis 
or  tnag&ctic  line  of  force,  the  completion  of  the  electric  com- 
municatioD  causes  no  change  of  place ;  but  if  it  be  the  leoMt 
oblique  lo  tliia  position,  then  the  ciblicjuity  increases  until  the 
bar  arrircs  ot  tbc  eiiuatorial  poailion  ;  or  if  the  bar  be  origiually 
in  the  t:t|uutoriul  position,  (ben  the  magnetism  causes  no  further 
changes,  but  retaios  it  there  (2208.  S299.  S3&t.). 

S!258.  Here  then  wc  have  a  magnetic  bar  which  points  east 
and  west,  in  relation  to  iiortb  and  south  polcK,  i.  e.  points  per- 
pendicularly to  the  linca  of  magnetic  force. 

225!>.  If  the  bar  l»c  adjusted  so  that  its  point  of  suspension, 
being  in  the  axial  line,  is  uot  c<)uidistaiit  from  the  poles,  but 
ne»r  to  one  of  them,  then  the  magnetiiim  ngnin  makes  the  bar 
take  up  a  position  pprpciidicular  to  the  magnetic  bne^i  of  force  ; 
eitlicT  end  of  the  bar  buiug  ou  the  cue  side  of  the  axlat  line,  or 
tJie  utbcr,  at  pleasure.  But  at  the  same  time  there  is  another 
rflect,  for  at  the  moment  of  coniplctiiig  tlie  electric  contact,  the 
ccutre  of  gravity  of  the  bar  recedes  from  the  pole  and  remains 
repelled  from  it  as  loug  as  tbc  magnet  Is  retained  excited.     Ou 
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allowing  the  magnctisni  to  pass  away,  the  bw  returns  to  the 
place  due  to  it  b_v  its  fpravity. 

22CQ.  Precisely  tbc  same  effect  tnkcs  place  at  tbe  other  pole 
of  the  mngnct.  Either  of  them  is  alilc  to  repel  the  t)nr,  whnt> 
ever  its  position  may  1)e,  anil  at  the  same  time  the  bar  \n  made 
to  assume  a  position,  at  right  anglurt,  to  the  lincuf  magnetirforro. 

2261.  If  the  bar  he  equidistant  from  the  two  poles,  and  in  tins 
BKial  line,  then  no  repulsive  ctfcct  is  or  can  be  obserrcd. 

-i'ZGii.  Hut  prciwrringtho  puiutuf  iitixpeiision  Inthccquntorial 
line,  j.  e.  equidisluut  from  the  two  poles,  and  removiug  it  a  little 
ou  one  side  or  the  other  of  the  axial  line  (2^52.),  then  another 
effect  is  brought  forth.  The  bar  points  as  before  across  the 
magnetic  line  of  force,  but  at  the  same  time  it  recedes  from  the 
axial  line,  increasing  its  distance  from  it,  and  this  new  position 
is  retained  as  lo?ig  as  tlie  m:igiiel:ixm  c*)ntinue»,  and  is  quitted 
witli  its  cessation. 

22H3.  loateail  of  two  ma^^uetic  polts,  u  aiufclc  pole  may  ho 
used,  and  that  either  in  a  rertieal  or  a  horizontal  position.  The 
cffeets  arc  in  perfect  accordance  with  those  di-scribed  above  ;  for 
the  bar,  when  near  the  pole,  is  rupellod  from  it  in  the  direction 
of  the  Hue  of  magnetic  force,  and  at  the  same  time  it  mores  into 
a  position  perpeudicuhir  to  the  directiou  of  the  magnetic  lini'N 
puaaiug  through  it.  When  the  mngnet  is  vertical  (U2Ui.)  and 
the  bar  by  it«  side,  thi^  action  makca  tbe  bar  a  tangent  to  tbe 
curve  of  ittt  eurfnce. 

Z%GL  To  produce  these  effects,  of  pointing  across  the  tnag> 
netie  ciirrra,  the  form  of  the  heavy  ghiHS  must  be  long;  a  cube, 
or  a  fnigment  approaching  rotiiidncns  iu  form,  will  uul  point, 
but  a  long  piece  will.  Two  or  three  rounded  pieces  or  cubes, 
placed  aide  by  side  iu  a  paper  tray,  so  as  to  form  an  oblong  ac- 
cumolaliou,  will  alwo  point. 

2265.  Portions,  however,  of  any  form,  are  repelled :  so  if  two 
pieces  be  hung  up  at  once  in  the  axial  line,  one  near  each  pole, 
they  arc  repelled  by  their  respective  poles,  and  approach,  seeming 
to  attract  each  other.  Or  if  two  pieces  be  hung  up  in  the  erpia- 
torial  line,  one  on  each  side  of  the  axis,  then  they  both  recede 
from  the  axis,  s(%ming  to  repel  each  other. 

2'^ii.  From  the  little  that  has  lieeu  »aid,  it  n  evident  that  the 
bar  presents  iti  its  motion  a  complicated  result  of  the  force  exerted 
by  the  luagnctic  (lOwcr  o>'cr  the  heavy  glassj  and  that,  when 
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cubea  or  sphere*  are  employed,  a  tnucb  simpler  indication  of  tho 
effect  va&j  be  obUined.  Ac<?anliagly,  vheu  a  cube  was  thoa 
lued  nith  the  two  poles,  the  ciloct  wna  rcpulsinn  or  rec(.'saiun 
from  either  pole,  and  alao  reccssiou  from  the  magnetic  a.\ia  od 
cither  Bide. 

32(J7.  So,  the  indicating  particle  would  move,  either  along  tlic 
ma^etic  cnrrcs,  or  across  chem  ;  and  it  would  du  this  cither  in 
one  direction  or  the  other ;  the  only  eooFitant  jioint  being,  that 
its  tcodcDcy  waa  to  move  from  stronger  to  weaker  places  of 
magnetic  force. 

i'ZGA.  This  appeared  much  more  Himply  in  tlie  case  of  a 
tiugtc  muguetic  pole,  for  then  the  teudency  of  the  indirutingciilw 
or  sphere  was  to  more  outwards,  in  the  direction  of  the  mag« 
iietic  hues  of  force.  The  appearance  was  remarkably  Hko  a  case 
of  weak  electric  repulsion. 

22C9.  The  canse  of  the  pointing  of  the  bar,  or  any  oblong  ar- 
i.nugcmmt  of  the  hravr  glax^,  is  now  ciridcnt.     It  is  merely  a 

'  tcsdU  of  th<:  tendency  of  the  jiarticUrs  to  move  outwanKi,  or  into 
the  positions  of  weakest  niaguetic  action.  The  joint  cxcrtioD  of 
the  aetinn  uf  all  the  partialis  brings  the  mass  into  the  ponition, 
which,  by  ex]ieriiQentj  in  found  to  belong  to  it. 

2270.  When  one  or  two  maguctic  poles  are  active  at  once, 
Ihc  courses  dewribed  hy  particles  of  heavy  glass  free  to  more, 
form  a  set  of  lines  or  enrvcsj  which  1  may  have  occasion  here- 

I  after  to  refer  lo;  and  a*  I  have  called  air,  glass,  water,  &e.  dia- 

'nisguetie  (2119.),  so  I  will  diRtinguish  these  lines  by  the  term 
diamagnrtie  mrvr»,  both   in  relation  to,  and  contradistinctian 
from,  the  linvii  eulled  moguctic  curves. 
'2271.  When  the  bar  of  heavy  glass  is  immersed  in  water, 

ialcf^ol,  or  ffitber,  contained  iu  a  vessel  between  the  poles,  all 

■  the  preceding  effects  occur;  the  bar  points  and  the  cube  recedes 

•exactly  in  the  midc  manner  ax  in  air. 

2273.  TheeBcctRcqtiallyoccuriQvesHcUof wood, stone,  earth, 
copper,  lead,  silver,  or  any  of  thow  .substances  which  belong  to 
the  diamaguetic  class  (^1 10.). 

2273.  T  havti  obtained  the  same  equatorial  direction  aud 
notions  of  the  heary  glass  bar  as  those  just  descrihcti,  but  in  a 

'¥ery  feebledegree,  by  theuseof  agood  oommbn  steel  hor«e-^hoc 
magnet  (2ol7.].  1  haT«  not  obtained  them  hy  the  use  of  the 
hcliec*  (2ini,  3192.)  without  the  iron  cores. 

YutL.  111.  D 
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9274.  Here  therRfoni  wc  have  luaguctic  rc|>ul8ioii  w!t)iout{K>- 
Urity,  i.  e.  witliout  reference  to  a  particiilftr  pole  of  the  mngnetf 
for  wthcr  pole  will  repel  the  siibstanoc,  and  both  poles  nil!  repel 
it  nt  ouce  (22G2.).  Tlic  heavv  glass,  though  subject  to  magnetic 
action,  cannot  be  coustdcrcd  bj  mngnetic,  in  the  usual  accepta- 
tion of  that  term,  or  an  iron,  nickel,  cobalt,  and  their  eom- 
pouutU.  It  prcRcntJi  to  uk,  under  these  eirciimslanrrs,  a  mng- 
netic jiropcrty  new  Ut  our  knowUilgc;  and  though  the  phieiio* 
nicnn  arc  vrry  diflercut  iit  their  nature  and  eharactcr  to  those 
pKseutcd  l>y  the  action  of  the  liea\7  glass  ou  lipht  (2152.).  *till 
thev  appear  to  be  dcpcndeut  on,  or  connected  with,  the  same 
condition  of  the  glau  as  made  it  then  effuctive,  nud  there- 
fore, with  those  plueuoinena,  prove  the  reality  of  this  new  con- 
dition. 

%  lit.  Actha  of  maptets  on  other  substmcea  acting  magneiicafftf 

on  iight, 

2275.  Wo  may  now  pass  from  heav}-  glasR  to  the  cxamjoatiou 
of  the  other  substances,  which,  when  under  the  power  of  mag- 
netic or  electric  forces,  are  able  to  effect  and  rotate  a  polamod 
ray  (2173.),  »nd  may  also  easily  extend  the  investigation  to 
bodies  which,  from  their  irregularity  of  form,  im]»erfect  tnum- 
parcncy,  or  actual  opacity,  could  not  be  examined  by  a  polarized 
ray,  for  here  we  have  no  difficulty  in  the  application  of  the  test 
to  all  such  «ub«tances. 

2276.  The  property  of  being  thus  repelled  and  aifeetcd  by 
magnetic  polc^t,  was  booh  found  not  to  be  i>eeuliar  to  heavy 
glass.  Borate  of  lead,  flint-glas*,  and  crowu  gInM  net  in  the 
same  manner  winatorially,  and  were  repelled  when  near  to  the 
]jole»,  though  not  to  the  same  degree  aa  the  heavy  glass. 

2^77.  Amoiigat  substances  which  could  not  be  Bubjectcd  to 
the  examination  by  light,  phosphorus  in  the  form  of  a  cylinder 
presented  tlio  phicnomena  very  well ;  1  think  aa  povi-crfnlly  ns 
heavy  glaa*,  if  not  more  «o.  A  cylinder  of  xidphur,  and  a  long 
piece  of  thick  India  niblwr,  neither  being  magnetic  after  the  or- 
dinary faahiou,  were  welt  directed  and  repiOlcd. 

2278.  Crystallitie  bodiea  wen-  i-qnnlly  obedient,  whether  taken 
from  the  single  or  double  refracting  class  (2237.).  I'risms  of 
tiuarla,  calcareous  spar,  nitre  and  sulphate  of  soda,  all  pointed 
well,  and  were  repelled. 
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I             9270.  I  thoD  proceeded  to  subject  a  great  Dutnlicr  of  bodies,          ^| 

1         takeu  from  every  c]a5s,  to  tlie  maguetic  Torces,  and  will,  to  iUtis-          ^| 

I         tmte  the  variety  in  the  uaturc  of  tlic  substancca,  give  a  com-          ^| 

^^^  paraiivcl^'  nhort  list  of  crystulliuc,  uoiorptiuus,  Li(]uid  and  orgftoic          ^H 

^^Bbodica  belotr.     WboQ  the  bodies  were  fluids,  1  eucloeod  tbom          ^| 

iu  thiti  glat.*  tubes.     Flittt-glass  points  equatorially,  but  if  the          ^| 

lube  bi>  of  very  tbiii  glai^j  tliis  t-ll'(.-«--t  is  found  to  Im-  sihilII  when           ^H 

the  tube  is  expcrimanted  wilh  alone  ;  anc-nrard<f,  wlieD  it  U  tilled           ^| 

with  liquid  am!  cxamlucd,  the  cllcct  U  such  that  there  is  uo  fear          ^| 

of  Euintaking  that  duo  to                                                                          ^| 

the  glas*  for  that  of  the 

^             ■ 

fluid.       The    tubes     must  /^ 

/             ■ 

not  be  closed    with   cork,  I                                                      J         ^^^B 

^^"  Bflnr    substBDce    takcu  at                                                                   ^^^H 

W       random,  fur  thctic  art:  gcuenillymuKDL-tic(2S8a.).     I  hare  usually           ^| 

^^L«o  shaped  them  tu  the  making,  and  drawu  them  off  at  the  nock,           ^| 

^^Bas  to  leave  the  aperture  on  one  side,  ao  that  when  tilled  with           ^| 

^^^  liquid  they  require  no  closing.                                                              ^| 

^^      2280.  Rock  eryntal. 

Water.                                  ^^B 

^^H                  Sul{>hatc  of  lime. 

Aleohol.                                ^^^H 

^^K                Sulphate  of  baryta. 

^thcr.                                  ^^H 

^^^^^B         Sulpbate  of  90tla. 

Nitric  acid.                        ^^^| 

^^^^^1         Sulphate  of  potaaaa. 

Sulphuric  aeid.                     ^^^H 

^^^^H        SiilphutcofmagDceia, 

Kfuriatte  aeid.                       ^^^| 

^^^^H 

Solutions  oF  various  alka-      ^^H 

^^^^H         Muriate  of  nrnmonia. 

line  and  earthv  salts.              ^| 

^^^^H        Chlqridc  of  lead. 

Glass.                                   ^B 

^^^^H         Chloride  of  sodium. 

Lithoi^.                               ^^^1 

^^^^H         Nitrate  of  potasaa. 

White  arsenic-                      ^^^H 

^^^^H         Nitrate  of  lead. 

^^^1 

^^^^H        Carbonate  of  soda. 

PhoKphorus.                         ^^^| 

^^^^^H        Iceland  npar. 

Sulphur.                                ^^^1 

^^^^H       Acetate  <^  lead. 

ResLu.                                    ^^^H 

^^^^^V        Tartrate  of  potash  and 

Spermaceti.                           ^^^H 

^^^^^H 

CulTciac.                                ^^^H 

^^^^H        Tartrate  of  potaiih  and 

Clnchouia.                             ^^^| 

^^^^^B 

Mar|>urio  ncJd.                      ^^^^| 

^^^^H         Tartaric  acid. 

Wax  from  shell-lac.             ^^^| 

^^F               Citric  acid. 

Sealing-wax.                         ^^^H 

^^^k                                                              .^H 

3fl 
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Mutton,  dried. 
Beef,  fresh. 
Beef,  dried. 
BIoikI,  fresh. 
Blood,  dried. 
Leatlier. 
Apple. 
Breitd. 


Olive  oil. 

Oil  of  tarpcntioc. 

Jet. 

Caoutchouc. 

Sugar. 

Starcli. 

Oum-arubic. 

Wood. 

Ivory. 

2381.  It  is  curious  to  see  such  a  list  as  this  uf  bodies  prcscut- 
ing  on  o  Mtddon  this  remarkable  proporLy,  and  it  is  strange  to 
find  iL  piece  uf  wood,  or  beef,  or  apple,  obedient  to  or  repe-lled 
by  a  miLgiict.  If  a  man  could  be  suspended,  with  sufficient 
delicacy,  after  tlm  manner  of  Pufay,  and  placed  in  the  magnetic 
&eld,  Le  would  point  cquatoriully  ;  for  all  the  8ub«tauccs  of  which 
be  in  formed,  including  tlic  blood,  powiesa  this  property. 

22S2.  The  setting  ei|u.i1orinlly  depends  iipon  the  foiin  of  the 
body,  and  the  diversity  of  form  presented  by  tlie  difleru-iit  sub- 
etancea  m  the  list  was  vtTy  {^rcat;  still  the  (general  result,  that 
elon^tioQ  in  one  direction  was  sufficient  to  make  them  take  up 
BkU  equatorial  position,  was  established.  It  was  not  difficult  to 
perceive  that  comparatively  largo  massed  would  point  ss  readily 
as  small  oncx,  because  in  hirger  musics  more  lines  uf  magnetic 
force  would  bear  in  their  actiuu  on  the  body,  and  this  was  proved 
to  be  the  case.  Neither  waa  it  loug  bgforc  it  evidently  appeared 
that  the  form  of  a  plate  or  a  ring  wati  qtntc  as  good  as  that  of  a 
cylinder  or  a  prism ;  and  in  jHTictice  it  was  found  that  plates 
and  llat  riugii  of  wood,  spermaceti,  sulphur,  &c.,  if  suspended  in 
the  right  direction,  took  up  the  cf|iiatoriul  position  very  well. 
If  a  plate  or  ring  of  heavy  ^laas  could  be  floated  iu  M'ater,  so  as 
to  be  free  to  more  iu  every  direetiou,  and  wore  in  that  condition 
subject  to  magnetic  forces  dimiuiBhiug  iu  intensity,  it  would  im- 
medtHtcly  set  itself  cquatorially,  aud  if  its  ceutre  coiacided  with 
the  axin  of  magnetic  power,  would  remain  there;  but  if  its 
centre  were  out  of  this  line,  it  would  then,  pcrhapsj  gradually 
pass  off  fiwm  this  nxiit  in  the  plane  of  the  equator,  and  go  out 
from  between  the  poles. 

2283.  I  do  not  find  tlmt  division  of  the  substance  has  any 
distinct  influence  on  the  effects.  A  piw-n;  of  lc»*land  spar  waa 
obeervcd,  as  to  the  degree  of  force  with  which  it  set  ctiuatorially ; 
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it  wu  then  broken  into  sis  or  ciglit  fragments,  pat  into  a  glass 
tube  and  tried  agnin  ;  a»  wcU  aa  1  could  nsccrtiau,  the  effect  was 
rtbe  same,  fij  a  scctmd  operation,  the  calcareoos  »par  vu  re- 
dnctd  into  oaanc  particles ;  afterwards  to  n  coarse  powder,  and 
nltimat^y  to  a  fine  powder  :  brin^  examined  as  to  the  equa- 
torial set  each  time,  I  conld  perceive  no  difference  in  the  effect, 
antil  tlie  verr  last,  when  I  tbon}*ht  there  might  be  a  alight 
diminntion  of  the  twudcni-y  ;  but  if  ko,  it  was  alinust  iiiscDBible. 
I  made  the  same  experiment  on  silica  with  the  same  result,  of 
liodinunution  of  power.  Iii  refereucc  to  this  point  I  mayohticrve, 
that  atanih  and  otbcr  bodies  in  fiuc  powder  exhibited  the  effect 
rerr  well. 

2284.  It  would  reqnire  very  nice  experiments  and  great  care 
to  ascertain  the  apcciflc  degree  of  this  power  of  magnetic  action 
ssed  by  difTrrcnt  bfKiics,  and  I  have  made  vi-ry  little  pro- 
tD  that  part  of  ttic  Hubject.  Hcuvy  j^lass  stands  above 
lltnl-glass,  and  the  latter  above  plate-glam.     Water  is  beucatli 

]]  these,  and  I  thiuk  alculicd  h  t)elow  water,  and  :ethcr  below 
'mirohol.     Tlic  borate  of  h-ad  is  I   think  a»  hij^li  a»  hca^-y  glas% 
if  not  above  it,  and  phosphorus  is  probably  at  the  head  of  all 

le  substance*!  just  named.     I  verified  the  c<iuatorial  »Ct  of 

loephonis  between  the  polea  of  a  common  magnet  (227^.). 
2383.  I  was  mueh  impressed  by  the  fact  that  blood  waa  not 

nagnetic  (2280.).  nor  any  of  the  specimens  tried  of  i-ed  nmscular 
ihre  of  hwf  or  nmtton.  This  waa  the  more  strikins,  liccause, 
will  be  seen  hereafter,  iron  is  always  uud  in  utmost  all  ttate* 
inaflnclic.  But  in  re«pcct  to  thia  point  it  may  be  obacrved, 
that  the  ordinurj-  niaf^otic  property  of  matter  and  thi*  netv  pro- 
/lerty  are  in  their  effects  opposed  to  each  other ;  and  that  whe-n 
this  property  ia  strong  it  may  overcome  a  very  slight  degree  of 
onliriury  magnetic  force,  just  as  also  s  certain  amount  of  the 
nugaetic  property  may  oppose  and  effectually  hide  the  presence 
of  this  force  (3122.).  It  ig  this  circumstnnco  which  makes  it  ao 
necewary  to  l)e  careful  in  eiamining  the  magnetic  condition  of 
the  bodicji  in  the  finit  instanct  {23.50.}.  The  following  list  of 
a  few  subHlaitees  which  were  fumid  slightly  magnetic,  will 
illtwtrate  this  point; — Paper,  aealing-wax,  china  ink,  Berlin 
pnrrelain,  silkworm-gat,  asbestos,  flnor-Hpitr,  i-ed  lead,  vermi- 
lion,  pcnixide  of  lead,  sulphate  of  zinc,  tourmaline,  plumbago, 
slictl-Iac,  charcoal.     lo  some  of  thenc  cases  the  magnetism  was 
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gcuerallv  itifliiswl  thronf^li  t1ielK>dy,  in otliercMCS it  wiw limited 
to  a  particular  part. 

SasO.  Having  nrrivcil  at  tliis  imint,  I  may  observe,  that  we 
can  LOW  Ldvc  no  diflieulty  in  admitting  that  tlic  pimiiiomena 
abiuniantly  establiRli  thp  existence  of  a  magnetic  property  in 
mattL'i',  uuw  to  our  kiiowloilgo.  Nut  the  lea^t  intc-rcstiiigof  the 
conHequeuccs  that  How  from  it,  is  the  manner  iu  nhicli  it  liis- 
penes  of  the  assertion  whieli  lias  somctimca  b(;ea  made,  that 
all  bodies  are  magiietic.  Those  who  hold  thi*  view,  mean  that 
all  bodies  are  magnetic  as  iron  is,  and  say  that  they  point  be- 
tween the  poles.  The  new  tfccts  give  not  a  mere  n^ative  to 
this  statement,  but  momethiug  beyond,  naniply,  an  ulTirmativcas 
to  the  existence  of  forces  in  all  onlinarj  bodies,  directly  the  op- 
nonitc  of  those  existing  in  magnetic  bodies,  for  whereas  those 
practically  produce  attraction,  those  produce  repulsion ;  those 
set  a  l>o(ly  iu  the  axial  direction,  but  thc»c  make  it  take  up  an 
equatorial  position  :  and  the  facts,  with  regard  to  bodies  gene- 
rally, are  ciactly  the  rcrertc  of  those  which  the  view  quoted  in- 
dicates. 

^  iv.  Action  of  magn^ti  on  mctah  ffeneratly . 

2287.  The  metals,  tut  a  class,  stand  amongst  bodies  having  a 
high  and  distinct  interest  in  relation  both  to  magnetic  and  elec- 
trie  forces,  and  might  at  firet  well  bo  espected  to  prt'spnt  some 
peculiar  phsenomena,  in  relation  to  the  striking  prujierty  found 
to  be  possessed  in  common  by  so  large  a  number  of  substances, 
BO  Tariod  in  their  general  charartcra.  As  yet  no  distinction 
ftMOCiatcd  with  conduction  or  non -conduction,  transparent  or 
opakc,  solid  or  liquid,  crj-«tallinc  or  amorphous,  whole  or  broken, 
has  presented  itself;  whether  the  mctnls,  dietiuct  as  they  arc  as 
a  class,  wonld  fall  into  the  great  generalization,  or  whecher  utlast 
a  separation  would  occur,  was  to  me  a  point  of  the  highest  in- 
tcrrat. 

3388.  That  the  metals,  iron,  nickel  and  cobalt,  would  stand 
in  a  distinct  clafu,  appeared  almost  undoubted;  and  it  will  be,  I 
think,  for  the  advantage  of  the  inqiiirv,  that  I  should  consider 
them  in  a  section  apart  by  thcmselvc:i.  Further,  if  any  other 
luclals  appearetl  to  be  magnetic,  as  these  are,  it  woidd  be  right 
aud  expedient  to  include  theni  in  the  same  class, 
2S89.  My  tirat  point,  tbcrcforc,  was  to  examine  the  mctaia 
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for  aoy  tadication  of  onlinoTf  maftiivtism.  Such  an  cxsmiiuk 
tioa  cannot  be  carried  od  by  mafi^cU  auytliiug  abort  in  power 
or  those  to  be  uaed  iii  the  further  investigation  ;  and  in  proof  of 
this  point  I  found  many  spedracnji  of  the  mctais,  which  ap- 
peared to  \w.  perfectly  frtc  from  inagtibtisni  when  in  the  presence 
of  a  ma^ttic  needle,  or  a  atrong  horsc-sUuc  uutgnct  (2157'.), 
that  yet  ^vc  ubundant  iudicAtions  when  ttuspeudcd  near  to  one 
or  both  pulcn  of  the  magnets  dirscribcd  (2^]G.). 

S29U.  Mj  test  of  ntA^ictitim  was  this.  If  a  bar  of  the  metal 
to  be  examined,  about  2  inehes  long,  vtas  (!iis[iendc(l  (22tti.]  in 
tlie  magnetic  field,  and  being  at  first  obIic|ue  to  the  axial  line 
waa  upon  the  supervention  of  the  magnetic  forces  drawn  into 
tlic  axial  position  instead  of  iHring  driven  into  the  C[}uatorial 
lioc,  or  remaining  in  some  oblique  direction,  then  I  con.-«idercd 
it  magnetic.  Or,  if  bciii^  near  one  magnetic  pole,  it  waa  ot- 
iractctl  by  the  pole,  insteail  of  being  r(>|>el]cdj  then  1  concluded 
it  was  magnetic.  It  is  evident  that  the  te»t  is  not  strict,  because, 
as  before  pointed  out  (2285.),  a  !)ody  may  have  a  slight  degree 
of  magnetic  force,  and  yet  the  power  of  the  new  property  be  so 
igreat  an  to  nentralisc  or  surpass  it.  lu  the  first  fam.:,  it  might 
•eom  neither  to  have  the  one  property  nor  tlic  other;  in  the 
Kcond  case,  it  might  appear  free  fnnu  uiagnetiHoi,  and  possess- 
ing the  special  property  in  a  tmaU  degn-e. 

2291 .  I  obtiiined  the  following  mcttds,  so  that  when  exainiued 
as  above,  tliey  did  not  appear  to  be  nuignetic;  and  in  fact,  if 
magnetic,  were  so  to  an  amount  so  small  as  not  to  destroy  the 
results  of  tlic  other  force,  or  to  stop  the  progresa  of  the  inquiry. 


Antimony. 

Bismntb. 

Cadmium. 

Copper. 

Gold. 


Lead. 

Mercury. 

Silver. 

Tin. 

Zinc. 


2293.  The  following  metals  were,  and  are  as  yet  to  mc,  mag- 
netic,  and  therefore  companions  of  iron,  nickel  and  cobalt : — 
Platinum.  I  Titanium. 

Palladinni. 

2293.  Whether  all  thcv:  metals  arc  magnetic,  in  consequence 
of  the  presence  of  a  little  iron,  nickel,  or  cobalt  in  them,  or 
^whether  any  of  them  arc  really  so  of  tliomsches,  1  do  not  under- 
(e  to  decide  at  present ;  nor  do  I  mean  to  say  that  the  metab 
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of  the  former  lift  are  free.  I  hsre  been  much  ntnick  by  the 
a]>parcut  rrp-pdnm  froin  iron  uf  almost  all  the  tippi'imetis  of  zinc, 
cop|)er,  antimony  and  hisniiith,  which  I  Iiiitc  vxaminrd  ;  and  it 
appears  tt»  oic  yery  liktlj  that  some  metals^  as  arsenic,  Itc.,  nmy 
have  much  power  in  quelling  and  suppresaitif;  the  ma^aetic 
propprtiea  of  any  portion  of  iron  in  them,  whiUt  other  metals, 
HH  silver  or  platinum,  may  have  little  or  no  power  in  this  respect. 

2304.  Resnming  the  consideration  of  theinfluence  exerted  by 
the  magnetic  force  orrr  thosr  mi^tala  which  arc  not  magnetic 
after  the  manner  of  iron  (2291.),  1  may  state  ttiat  there  are  two 
sets  of  cfl'cets  prodnced  vhicli  require  to  he  carefully  dinlin- 
guiRhed.  Oii«  of  thew  depends  upon  induced  mngneto-electric 
currents,  aiid  shall  he  resumed  hereafter  (2309.) .  The  other  in- 
cludes effects  of  the  same  imturc  as  those  producctl  with  heary 
gltu!.H  and  many  other  bodies  (2276.), 

2'.iy5.  All  the  non-maynetie  metaU  are  subject  .to  the  mag- 
nelie  power^  and  produce  the  same  general  efTects  aa  the  lurgE) 
class  of  bodies  already  dcseribcd.  The  force  which  they  then 
manifcKt,  they  iK»»!Haa  iii  dilfercnt  degrees.  Antimony  and  bis- 
muth show  it  well,  and  bismuth  appears  to  be  especially  fitted 
for  the  purpose.  It  excels  heavy  glass,  or  borate  of  lead,  and 
perhaps  phoHfilinruA  J  and  a  small  bar  or  cytindcr  of  it  about  2 
ineheii  lung,  and  from  0*2^  to  0'5  of  an  inch  in  width,  is  as  well 
fitted  to  show  the  Tarious  peculiar  phicnomciia  as  anything  I 
have  yet  auhmittcd  to  examination. 

23y6.  To  apeak  occurat<Oy,  the  bifimutb  bar  which  I  cmphived 
was  2  inches  long,  0-.'}3  of  an  inch  wide,  and  <l-2  of  an  inch 
thick.  When  this  bar  was  suspended  in  the  magnetic  field,  be- 
tween the  two  poles,  and  Bubj<Tt  to  the  magnetic  force,  it  pointed 
freely  in  the  equatorial  dirccliou,  iia  the  heavy  glass  did  (2253.), 
and  i£  disturbed  from  that  position,  returned  freeh/  to  it.  This 
latter  point,  though  perfectly  in  accordance  with  the  former 
phicnomcna,  is  in  such  striking  contrast  with  the  phsenoniena 
presented  by  copper  and  some  other  of  the  metals  (2309.),  as  to 
require  particular  notice  here. 

2297.  Tlie  comparative  seoBibiHty  of  bismuth  causes  several 
movements  to  take  plaoe  under  various  circumstances,  which 
being  compliaiU«l  in  their  nature,  require  cai-cful  analysis  aud 
explanation.  The  chief  of  these,  with  their  causes,  I  will  pro. 
cced  to  point  out. 
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2296.  If  the  crliiiiler  elcctro-maguet  (324A.)  be  placed  ver- 
tically so  as  to  present  one  pole  upwnnls,  tliat  pole  will  Exist  in 
the  upper  end  of  an  iron  cylinder,  baring  a  Snt  IioniiODtal  face 
2J  inches  in  diameter.  A  small  indicating  spberc  (S2«i.)  of 
bumutli^  bung  uvcr  the  centre  of  ttiin  fucc  anH  clo«o  to  it,  doci 
not  move  br  ibe  inagnclUra.  If  the  liail  be  curried  outn-ards, 
half-way.  for  instance,  bciiiecu  ilie  centre  and  the  edge,  the 
ma^iictinm  makes  it  move  inwards,  or  towBrd»  ttie  axis  (pro- 
longed) of  the  iron  cylinder.  If  carried  still  further  out«-anl!i, 
it  Htitl  moTcs  invnrds  uuiler  the  intliicuec  of  the  nis{^netistn,  and 
8Uch  continues  to  be  the  ca»c  untU  it  is  pIutH.>d  just  o\er  the 
edge  of  the  terminal  face  of  the  core,  where  it  ba»  no  motion  ut 
all(hcre  by  another  arrangement  of  the  experiment,  it  is  known 
to  tend  in  whut  ia  nt  present  nn  upward  direction  from  the  core). 
If  carried  a  little  fiirtlicr  outwards,  the  magnetism  then  makes 
the  bismuth  ball  tend  to  go  outwards  or  be  repcllei),  iind  such 
ooDttniii's  to  be  the  direction  of  the  force  in  any  further  position, 
or  down  the  side  of  the  L'ud  of  the  core. 

:£209.  In  fact,  the  circular  edge  formed  by  the  iutertsectiou  of 
the  cud  of  the  core  Mith  its  sides,  is  virtunlly  the  apex  of  the 
magnetic  pole,  to  a  Iwdy  placed  like  the  bismuth  ball  cloiietoit, 
■lid  it  is  because  the  lines  of  magnetic  force  issuing  from  it 
diverge  as  it  were,  aud  weakeu  rapidly  in  all  directions  from  it, 
that  the  hall  nUo  teiuU  to  pa^s  in  all  directlous  either  inwards 
or  upwards,  or  outwards  hvm  it,  aud  thus  producer  the  motions 
described.  These  same  effects  do  not  in  fact  all  occur  when  the 
ball,  being  taken  to  a  greater  distance  from  the  iron,  is  placed 
ia  magnetic  curres,  haring  generally  a  simpler  direction.  In 
order  to  remoTc  the  effect  nf  the  edge,  an  iron  cone  was  placed 
on  tlie  tnp  of  the  rorc,  eimverting  the  tint  end  into  a  cone,  and 
then  the  indicating  ball  wa«  urged  to  move  upwards,  only  when 
OTcr  the  apex  of  the  cone,  and  upwards  and  outnards,  as  it  was 
more  or  less  on  one  side  of  it,  being  always  repelled  from  the 
pole  in  that  direction,  which  transferred  it  XQoat  rapidly  from 
stroug  to  weaker  points  of  magnetic  force. 

2300.  To  return  to  the  Tcrtical  flat  pole ;  when  a  horizontal 
bar  of  bismuth  was  ituiipeudcd  coiicentrirnlly  anil  close  to  the 
pale,  it  could  take  up  a  position  in  any  direction  relative  to  the 
axis  of  the  pote,  having  at  the  same  time  a  tendency  to  move 
upwards  or  be  rcpclleil  from  it.    If  its  point  of  suspcnsiou  was 
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a  tittle  exccutric,  the  1>ar  grailiially  turiu-(l,  uutil  it  was  parallel 
to  a  line  joining  it*  [joint  iif  nunpt-nstim  willi  tlic  prolonged 
axis  of  the  pole,  and  tlie   centre  uf  gravity  uiovnl  innards. 
'When  its  point  oF  euspenmon  was  ju6t  outside  tbc  edge  of  the 
flat  circular  tcrmiiiaHng  fa<'c,  and  the  l)ar  formed  a  oertnin  angle 
irith  a  radial  line  joining;  thi;  axis  of  llie  core  and  tlic  point  of 
Btispctiiiion,  tlieu  the  movements  of  the  bar  were  UDcertain  and 
wuTcring.     If  the  angle  with  the  radial  line  were  less  than  that 
ahuve,  tlie  liar  woiilii  move  into  paralleliiini  with  the  railiiis  and 
(fo  inward* :  if  the  niigic  were  greater,  the  bar  would  move  until 
pprpcniiicnlnr  to  the  radial  line  andyo  ontwnrds.     If  the  centre 
of  the  bar  ni-rt^  still  further  out  than  in  the  last  enm;,  or  down 
bjf  the  &idc  of  the  core,  the  bar  would  alwaira  pluen  ibiclf  per- 
peudiculur  to  the  radius  and  go  onlwards.     Ail  tlic»c  eompli- 
cationa  of  motion   are   easily  re*oKed   into  their  simple  ele- 
mentary origin,  if  refercnoe  be  hatl  to  the  character  of  the  cir- 
cular angle  hounding  the  end  of  the  core ;  to  the  dircetion  of 
the  luagnetie  lines  of  force  issuing  from  it  and  the  otbt-r  parts  of 
the  pole  ;  to  the  positiou  of  the  dilTcrcut  parts  of  the  bar  in  these 
lines;  and  the  ruling  principle  that  each  particle  tends  to  go  by 
the  newest  courac  from  tlrong  to  weaker  points  of  magnetic  force. 
aSOl.  Tbe  bismnth  points  vecW,  and  is  well  repelled  (2296.) 
■when  imniers(?d  in  water,  aleuliol,  a*thcr,  oil,  niea'ury,  Sec.,  and 
also  when  enelosed  within  vi-Hsels  of  earth,  glaus,  copper,  lead  fltc. 
(227'Z.),  or  when  screens  of  O'To  or  1  inch  in  ihickness  of  bis- 
mutb,  cupper,  or  lead  intervene.     Kven  when  a  hi^niutli  cube 
(3266.)  was  placed  in  aa  iron  Teasel  3^  inches  iu  diameter  and 
0-17  of  an  inch  in  thickness,  it  was  well  and  freely  repelled  by 
the  magnetic  pole. 

2302.  Whether  the  bismuth  be  in  one  piece  or  in  very  fine 
powder,  appears  to  make  no  diflerencc  in  the  character  or  in  the 
degree  of  ita  magnetic  property  (2283.) . 

2303.  I  made  many  experiments  with  mnsseR  and  bars  of 
bi«nmth  suspended,  or  otherwise  circnmstaneed,  to  ascertain 
whether  two  pieces  had  any  miitUBl  action  on  each  other,  either 
of  attraction  or  repulsion,  whilst  jointly  under  the  iuducacc  of 
the  magnetic  forces,  but  I  could  not  find  any  indlcaLiuu  uf  auch 
mutual  action  :  they  appeared  to  be  perfectly  indifferent  one  to 
anotlior,  each  tending  only  to  go  from  stronger  Co  weaker  iiotuta 
of  magnetic  power. 
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230+.  Bumnth,  in  Tcry  fine  powder,  was  sprinkled  npon  p«per, 
Uid  orcr  the  borizonta]  rirt-ulu  terniinBtioii  of  the  vertinil  pole 
(2S4€.) .  If  tbe  paper  were  tapped,  the  raagiiet  not  lieing  excited, 
DothiDg  particular  oociurcd  ;  but  if  the  mB^ctic  power  were  on, 
then  the  powder  retreated  ia  lioth  direttiona,  inwwda  &ud  cipt- 
wards,  from  a  circulnr  line  just  over  the  edge  of  tbc  core, 
leaving  tlie  circle  clear,  and  at  the  same  time  showing  tbc  teo- 
dracT'  of  the  particles  uf  bismuth  iu  all  directiotu  from  that  line 
(SS99.). 

2306.  TMicn  tbe  pole  wna  terminated  by  a  cone  (3246.)  and 
tbe  mngoet  not  in  action,  paper  with  bismuth  powder  sprinkled 
over  it  being  drawn  orer  the  poiut  of  the  coue,  gave  no  parti- 
cular remit;  bnt  when  the  magnetisoi  was  on,  such  an  opera. 
tion  cleared  the  powder  from  ercry  point  which  came  over  tha 
cone,  no  that  a  mark  was  tmccd  or  written  out  in  clear  lioea 
runnii^  through  the  powder,  and  showing  crccy  place  where 
the  pole  had  passed. 

3306.  Tbe  bar  of  bismuth  and  a  bar  of  antimony  was  found 
to  set  equatorially  between  the  poles  of  the  ordinary  borse-ithoe 
ma^rnet. 

2307.  The  following  list  ma;  scrrc  to  give  an  idea  of  the  ap- 
parent order  of  eomc  metals,  as  regards  tbeir  power  of  producing 
ibitBC  new  effects,  bnt  I  cannot  be  snrc  that  they  arc  perfectly 
free  from  the  magnetic  metals.  In  addition  to  that,  there  arc 
certain  oiber  effects  produced  by  the  action  of  magnetism  on 
metals  (2309.)  which  greatly  interfere  with  the  rcsnlts  due  to 
the  present  property. 


Bismuth. 

Antimony. 

Zinc. 

Tin. 


Cadmium. 
Mercury. 
Silrer. 
Copper, 


2308.  I  have  a  vague  impression  that  tbc  repulsion  of  bismuth 
by  a  magnet  has  bnen  observed  and  published  several  years  ago. 
Km,  it  will  appear  that  what  must  iben  have  been  eunsidcrc-d 
as  a  peculiar  and  isolated  cfTect,  was  the  consequence  of  a  gcne- 
nl  property,  which  is  now  showo  to  belong  to  all  matter'. 


'  M.  de  la  Rlre hns  this dnj  nfflrr«dm«>tath(;niblioU)<i^ueUuiT«noUefoc 
IWO,  tome  il  I",  k:!,  wbcni  It  mill  be  tauad.  thai  tlio  aiperimont  spoloen  of 
BbuTctaditDtoM.laBaillifofrnriii.  M.lABuUifiibowedBiztoanyMissigotliat 
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2300.  I  now  turn  to  the  consideration  [)f  some  peculiar  pliae- 
nomena  which  are  presented  br  copper  and  aereral  of  ihe  metals 
when  they  urc  auhjcctt^  to  the  actiou  of  maguetic  forcpn,  and 
which  so  tend  to  tiiaitk  eflccts  of  the  kind  already  dcscrihcd,  that 
if  not  known  to  the  intjuircr  tlicy  womM  lend  to  much  coufu«ii)n 
and  doubt.  These  I  will  first  rifKcribe  as  to  their  appeartiiiceR, 
and  then  proceed  to  consider  their  origin. 

2310.  Ifinntcadofabarof  bi-smutli  (2296.)  «'»iu'<»*'f«I»pt:rof 
the  same  size  be  suspended  bettrucu  the  polea  (jl'£\7>),  aud 
ma^etic  potrer  be  developed  whilst  the  bar  is  in  a  position 
oblique  t4>  the  axial  and  equatorial  lines,  the  cxpcriuieiiter  will 
peret-'ive  the  bar  to  be  aliecUKl,  hut  this  will  not  be  mauifest  by 
any  tendency  of  the  bar  to  go  to  the  equaturio]  line;  on  tlic 
coutrnry,  it  will  advance  towards  the  usiul  position  oa  if  it  were 
ma^etic.  It  will  uot,  however,  continue  its  course  until  iu  that 
puMition,  but,  imhl:e  any  clfect  produced  by  magiietiHoi,  will 
8top  short,  and  niakiug  im  vibration  bcyouil  or  about  a  given 
point,  will  remain  there  coming  at  once  to  a  dead  rest :  and 
this  it  will  do  even  though  the  bar  hy  the  cfl'crt  of  torsion  or 
mumentutn  wa»  previously  moving  %Tith  a  force  that  woidd  bavc 
caused  it  to  make  several  gyratious.  This  effect  is  in  striking 
contrast  with  that  which  occur*)  when  antimony,  bismuth,  heiiTy 
glass,  or  other  Bucb  bodies  are  employed,  and  it  is  eijually  re- 
moved from  (in  ordinary  magnetic  effixt. 

U.ll  ] ,  The  position  which  the  bar  has  token  up  it  retaius  with 
a  considerable  degree  of  tenacity,  provided  the  magnetic  force 
be  continued.  If  pushed  out  of  it,  it  does  uot  return  into  it, 
but  tal(cs  up  its  new  position  in  the  same  manner,  aud  holds  it 
with  the  same  stiffness;  a  pujuh,  however,  wliich  would  make 
the  bar  »pin  round  scrcral  times  if  no  magnetism  were  present, 
will  now  not  move  it  through  more  than  20°  or  30^.  This  is 
not  the  case  with  bi«miith  or  heavy  gisuis ;  they  vibrate  freely  in 
the  magnetic  lielt),  and  always  return  to  the  equatorial  position. 

both  biantuUi  and  autiniony  r^^iRllMl  llio  ma^iietii*  iiM-dli!.  It  tn  nstiiulsbing 
tlint  tucli  ou  experiiut'at  liu  renmiacd  bo  Igag  without  /urtiiu  ronilto.  1  re- 
joice that  r  uui  n)>Ir  Ui  iiui^rt  lliis  rrfureucu  before  the  prawnt  lerie*  of  tbi-na 
Bf<onrchRii|;n<Mto|)T«M.  TUoih-wIio  rc>Ml  my  pnp(^ii>  will  iiei>  hor^ason  many 
olli'vr  ocCMiooe,  tbc  nifultsof  s  lucmorv  wliicli  Wviutw  cotitiuuall}-  wvakur; 
I  uiily  iiofHt  tliat  thsy  will  be  »xciu»d,  kdi)  llist  (imiMioud  siitt  n-ron  of  thut 
nulurti  viU  l>e  coiuideied  uinrolantmy.— M.  F.     Mpq.  ^U,  184>X 
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2312.  The  position  taken  op  bj  the  bar  may  be  uiy  position. 
The  bar  is  mored  s  little  at  tbc  iustant  of  superinducing  the 
Caiaguetixm,  but  allowing  and  providing  fur  that,  it  may  be  finalljr 
'fixed  in  any  position  rccjuircd.  E\cn  when  awiiiging  with  oon> 
sidt-rablc  povtT  by  torsion  or  motncntum,  it  may  be  cunght  and 
retiined  in  any  place  the  experimenter  wishes. 

lf:U:}.  There  nre  two  [KtsiliuiiH  iu  whieh  the  bnr  may  Ik  placed 
at  tlie  begining  of  the  experiment,  from  Hhicli  thi-*  magnetism 
>iot»  not  move  it,  tlic  equatorial  and  the  axial  positions.  When 
'llie  bar  is  nearly  midway  between  these,  it  i»  nenally  most 
•troQgly  affected  by  the  first  action  of  the  magnet,  but  the  posi- 
tion of  uio^tt  cfieet  varies  with  the  form  and  dimetuions  of  the 
'magnetic  poK<«  and  of  the  Wr. 

2314.  If  the  centre  of  suspcusiun  of  the  bar  be  in  the  axial 
line,  bat  near  to  oui;  of  tlie  poles,  Ihcftc  movements  occur  wdi, 
and  are  clear  and  distinet  in  their  direction :  if  it  be  in  the  equa- 
torial line>  but  on  one  side  uf  the  axial  line,  Ibey  are  modified, 
but  in  a  manner  which  will  easily  be  understood  hereafter. 

2315.  Having  thus  stated  the  cfTixt  uf  the  superrentioa  of 
tbe  magnetic  force,  let  us  now  remark  what  uecurs  at  the  mo- 
ucut  of  itfl  cessation ;  for  during  its  continuance  there  is  uo 

rcbango.  Ifj  then,  after  the  ningitctism  hati  been  snstained  for 
two  or  three  seconds,  the  eleetric  cnrrent  lie  stopped,  there  is 
instanily  a  Btrong  action  on  the  bur,  which  hax  the  appearance 
of  a  revulsion  (for  the  bar  returiLs  ujion  the  course  which  it  took 
lor  n  moment  when  the  electric  contact  was  made),  but  with 
•uch  fori*,  tliat  whcreiis  ihe  iidvauire  might  be  [x^rhaps  15"  or 
30^,  the  revulsion  will  canse  tbe  bar  oceasioually  to  move 
thronph  two  nr  three  revolutions. 

2310.  Heavy  glass  or  bismuth  presents  uo  such  phienomena 
u  this. 

2317.  If,  vhil»t  the  bar  is  revolving  from  rcvuliinn  the  elec- 
tric current  at  the  magnet  be  rcueweil,  tlic  bar  in&tantly  sto|w 
with  tbe  former  appearances  and  results  (^;tlO,),  mid  then  U]H)n 
removing  the  magnetic  force  is  affected  again,  and,  of  course, 
now  in  a  eontrary  direction  to  the  former  revulsion. 

2318.  When  the  bar  is  cnnght  by  the  magnetic  force  in  the 
axial  or  equatorial  position,  there  ih  no  revulsion.  When  in- 
clined to  these  positions,  thcn^  is  ;  and  the  places  most  powerful 
in  thia  respect  appear  to  be  thotie  most  favonrahle  to  tlie  lirat 
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brief  adrauce  (29i3.)-  If  tli-c  h&r  be  in  a  position  at  wUicb 
strong  reviiUiuu  would  occur,  end  nliilst  the  maguetiBin  ia  cou- 
tinuod  tu  be  nioveil  by  band  iuto  the  cquatoriiil  or  axial  position, 
tbt'u  oil  taking  off  tbe  magnetic  forrc  there  in  no  retulsiou, 

iWI9.  If  the  contimiancc  of  thi:  dcctric  current  and  consc- 
qucDtly  of  the  mugucti$ju  be  for  a  momcut  only,  the  rcvuLsion 
ia  very  little,  and  the  shorter  tlie  continuniH'e  (if  the  mngnetic 
force  the  less  is  the  rcviilxion.  If  the  magnetic  force  be  eon- 
tiiiurd  for  tirn  or  three  sfeoruls  and  thi-ii  inttTnijitcd  and  mslantlif 
runcwrd,  tlit-  bar  ia  luoaencd  uod  cauKbt  agiiin  hy  the  power 
bcfurc  it  K-usibly  cbau^es  its  place ;  and  now  it  may  be  obacrred 
that  it  doM  not  advance  on  the  ren^iral  oi  the  force  aa  it  would 
liHve  done  liad  it  Itct'U  acted  ou  by  a  firat  contact  iu  that  place 
(2310.)  ;  f,  e.  if  the  bar  be  in  n  certain  place  inclined  to  the  axial 
position,  tlie  first  siipprvcntion  of  the  magnetic  power  causes  it  to 
advance  towards  the  axial  position  ;  but  the  bar  being  iti  the  name 
place  (ind  the  mft^nctie  power  suspended  and  instantlif  renewed, 
the  second  superrentioii  of  force  does  Dot  move  the  hnr  a*  the 
fimt  did. 

2320.  When  tlic  copper  bar  is  immersed  in  water,  ulchol,  or 
even  mercury,  tlic  same  cfTccta  take  plucu  us  iu  the  uir,  but  Uie 
movements  are,  of  course,  not  to  the  same  extent. 

2321.  When  plates  of  eopper  or  bismuth,  an  inch  in  thickness, 
intervene  between  the  poles  and  the  copper  bar,  the  same  results 
occur. 

2322.  If  one  nta^etic  pole  only  be  employed  the  effects 
occur  ncAr  it  as  well  as  before,  provided  that  pole  have  a  face 
large  in  proportion  to  the  bar,  as  tLc  end  of  the  iron  core 
(22-1^.)  :  hut  if  the  pole  be  pointed  by  the  use  of  the  conical  ter- 
mination, or  if  the  bar  be  opposite  the  edge  of  the  end  of  the 
core,  then  they  become  greatly  enfeebled  or  disappear  altogether ; 
and  only  the  general  fact  of  repuhion  rcumius  {2295.). 

2323.  The  ijceuliar  cfit'cts  which  have  just  been  dcscrilied  are 
perba]>8  more  strikingly  shown  if  tbe  bar  of  copper  be  Ruspciided 
pcr{>cndicularly,  and  then  hung  opposite  and  near  to  the  large 
fare  of  a  single  magnetic  pole,  or  the  |k>Ic  being  placed  verti- 
cally, as  described  {22-tC.  22G30,  anywhere  near  to  its  side.  The 
bar,  it  will  be  remembered,  is  2  inches  in  length  by  0*33  of  an 
inch  in  width,  and  0'2  of  an  inch  in  thickness,  and  as  it  now 
will  revolve  ou  an  axis  parallel  to  its  length,  the  two  smaller  di- 
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mnMioas  arc  tli<Hc  wliich  arc  free  to  move  into  new  poiiition<i. 
Iq  tbia  case  the  cstabliahinciit  of  the  mngnctic  force  causes  t]ic 
>U>  tTirn  a  little  in  accordance  with  the  effect**  before  dwcJ-ibetl, 
tKe  remornl  of  the  magnetic  force  causes  a  revulsion,  which 
»cnd»  the  l)ar  Hpinniug  round  on.  itH  axin  several  time*.  But  at 
any  moment  the  I>:ir  can  afrain  he  caught  and  held  in  a  poMition 
ab  Iwforw.  Thi!  teudencj-  on  making  contact  nt  the  battery  is  to 
place  the  loni^t  morinf^  dimcnaion,  i.  e.  the  width  of  the  Imr, 
parallel  to  the  line  joining  the  centre  of  action  of  the  magnet 
and  tlie  bar. 

2324.  The  har,  as  before  (2311.),  is  eitremely  sluggish  and 
ua  if  immcnicd  in  a  dciific  fluid,  as  respects  rotatiou  on  its  own 
asia;  but  this  slu^iahtiess  docs  not  alfcct  the  bar  as  a  whole, 
for  any  pendulum  nhintion  it  baa,  continues  unaffected.  It  i« 
wry  curious  to  Bee  the  bar,  jointly  vibrating  from  its  point  of 
"•lUpension  (22-19.)  and  rotating  on  its  axis,  vrbcn  first  aflt^ted 
by  the  magnetic  force,  for  instantly  the  latter  motion  ceiscs,  but 
the  former  goes  on  with  undiminished  power. 

2S2a.  The  same  effect  of  sluggidhncss  occurs  with  a  cube  or 
a  globe  of  copper  as  with  the  bar,  but  the  phicnomeua  of  the 
first  turn  and  the  revulsion  cease  (2310.  2315.). 

2326.  The  bars  of  bisrautb  and  hcRvy  glass  present  no  ap- 
pearance of  ibis  kind.  The  peculiar  phseuomcna  produced  fay 
copper  arc  as  distinct  from  the  actions  of  thc«  snbstances  as 
tliev  arc  from  ordinary  magnetic  actions. 

2;J27.  Kndcavonring  to  explain  the  cauRe  of  tlitue  effects,  it 
apixroTB  to  mc  that  they  depend  upon  the  excellent  conducting 
power  of  copper  for  electric  currents,  ilxe  t/radual  acquiBition 
and  loes  of  magnetic  power  by  the  iron  core  of  the  electro-mag- 
net, and  the  prodiictiou  of  those  induced  currents  of  magneto- 
electricity  which  I  described  in  the  First  Series  of  these Kxpcri- 
raciitai  llj-sean-Iics  (.^o.  109.). 

2328.  I'hc  oUtruction  to  motion  on  its  own  axis,  when  the 
bur  is  aalijected  to  the  magnetic  forces,  belongs  equally  to  the 
form  of  B  spht-re  or  a  cul>c.  It  lieIong«  to  tbcBO  bodies,  how- 
ever,  only  when  ibeir  oa^m  of  rotation  are  perpend ietilar  or  ohliqite 
to  the  lines  of  magnetic  force,  and  not  when  Ihcy  are  parallel  to 
it;  for  the  horizontal  bar,  or  the  vertical  bar,  or  tho  cube  or 
sphere,  rotate  with  perfect  facility  when  they  arc  suspended 
above  tlie  rerlicai  pole  (2246.),  the  rotation  and  vibration  licing 
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then  equally  free,  and  tlie  saxat  as  the  corrcspoitding  movemeaU 
of  hiomiith  or  hca.i'T  glssa.  I'fai::  obstruDtioD  ia  at  a  waximuni 
when  the  axis  of  rotation  is  perpemlicular  to  the  lines  of  mag- 
netic force,  ami  nlieii  the  bar  or  eube,  &c.  is  near  to  the 
magnet. 

2330.  Witli(ii:t  goiriB  much  into  the  partioutar  circumstaneeii, 
I  may  say  that  tlie  effect  is  fully  explained  hy  the  electric  cur- 
rents induecd  in  the  copper  iurss.  By  reference  to  the  Second 
Series  of  these  Researches  (160.)',  it  will  Iw  seen  that  when  a 
globe,  subject  to  the  actiou  of  lines  of  uta^etic  force,  is  revolving 
ou  au  axw  perpendieular  to  thcie  lines,  an  electric  current  runa 
round  it  iu  a  plane  parallel  to  the  axis  of  rotation  and  to  tlie 
magnetic  linen,  producing  consequently  a  magnetic  axis  in  the 
globe,  at  right  nugleA  to  the  niagiiotie  curves  of  the  inpueing 
magnet.  The  magnetic  poleH  uf  this  axiit  theri-roro  art!  in  that 
direction  which,  in  coujunctiuu  with  the  chief  magnetic  pole, 
tends  to  draw  the  globe  hack  against  the  direction  iu  which  it  ia 
TCTolving.  Thus,  if  a  piece  of  copper  be  revolving  before  a  north 
niaguetic  ]iolc,  bo  that  the  parts  nearest  the  pole  move  towards 
the  right-Lund,  then  the  righl-Uniid  side  of  that  cop|>er  will  have 
a  south  majjuetic  atate,  and  the  lefl>hand  iiiile  a  north  magnetic 
ittate ;  and  these  etatca  will  tend  to  counteract  the  motion  of  the 
copper  towards  the  right-hand  :  or  if  it  revolve  in  the  contrary 
direction,  then  the  right-hand  side  will  have  a  south  magnetic 
state,  and  the  left-hand  Hide  a  north  inaguetie  state,  ^'hich- 
ever  way.  therefore,  the  copper  tends  to  reiolve  on  its  own  axis 
the  inntant  it  moves,  a  power  is  evolved  in  eueb  a  direction  as 
tends  to  dtop  its  motion  and  bring  it  to  rcet.  Dcing  at  rent 
iu  reference  to  this  direction  of  motion,  then  there  ia  no  rc- 
aidual  or  other  elTect  which  tends  to  disturb  it,  and  it  reuiaius 

Htill. 

2330.  If  the  whole  masa  be  moving  parallel  to  ituclf,  and  be 
small  in  comparison  with  the  face  of  the  magnetic  pole  opposite 
to  which  it  is  placed,  then,  though  it  pass  through  the  magnetic 
lines  of  force,  and  couaequcntly  have  a  tendency  to  the  fortna- 
tJou  of  magneto-electric  currents  within  it,  yet  as  all  parts  move 
with  e(jual  vrlority  and  in  the  same  direotion  through  simitar 
magnetic  lines  of  force,  the  tendency  to  titc  formation  of  u  cur- 
rent is  the  same  in  every  part,  and  tliereis  no  actual  production 
>  PklluMjiliical  TnubtacitJon*,  \iiiSi,  p.  168. 
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of  current.  a.iul  ootwcqueatljr  nothing  occim  trhicli  can  in  any 
wHv  intcrfLTC  with  it»  (recdoin  of  motiuu.  Ileucc  the  rcanuii 
tliat  ihuiigh  the  rotation  of  the  bar  or  cube  (2324.  2328.)  upon 
ilt>  own  axis  is  Hb^iixxl,  its  vibration  as  a  pendulum  is  nut 
aEfectetl. 

2.131.  That  neither  Ihr  one  nnr  the  other  rantion  ia  nflVetcd 
when  the  bar  or  caW  is  over  the  vertical  pole  (2^2S.),  i»  simply 
because  iu  both  cosco  (with  the  given  (Umcnsions  of  the  pole 
nod  the  mov-ing  metnJ)  the  lines  of  parti<-'les  through  which 
the  intliiced  currents  lend  to  move  arc  |iarallel  ihronghout  the 
whole  m«»«;  and  therefore,  an  there  "is  no  part  by  which  the 
return  of  the  current  ciui  be  carried  on,  no  current  cau  be 
fonaed. 

2333.  Before  proceciliiig  to  the  explanation  of  the  other  phe- 
ncmieDa,  it  will  be  necessary  to  point  out  the  fact  gonerally  nu- 
dentood  and  acknowledged,  I  Ix^Iieve,  tliat  time  i»  rc<iaircd  for 
the  development  of  magnetiHR]  in  an  iron  core  by  a  current 
of  elc^ricity  ;  and  alan  for  itji  hJl  back  iigaiu  when  the  cuntut 
ii  stopped.  One  effect  of  the  gradual  rise  in  power  wiw  referred 
to  in  the  hist  sterit's  of  these  Researehea  (2170.).  This  time  is 
probably  Innper  with  iron  not  well  anncftled  than  with  very  goo«! 
and  perfe<!tly  annealed  imn.  The  last  portiuiiti  of  niagnetisui 
wbteb  a  given  current  can  devcl«i»e  in  a  certain  core  of  iron,  are 
alao  apparently  acquired  mure  Hlowly  than  tlie  timt  portions; 
and  these  portion^;  (or  the  comtilion  of  iron  to  which  they  artt 
dne]  aleo  appear  to  he  lost  more  elunly  thau  the  other  portions 
of  the  power.  If  electric  contact  be  made  for  an  instant  only, 
the  magnetism  developed  by  the  current  disnppcarpi  as  instantly 
on  the  bre:il;inf  of  the  curnmt,  as  it  appeared  on  it»  funnatioii ; 
bat  if  contact  he  continued  for  three  or  four  seconds,  breaking 
the  octntnct  is  by  no  nienns  accompanied  by  a  disappearance  of 
the  ma^etism  with  eijual  rapidity. 

2333.  In  order  to  truce  the  peculiar  effect  of  the  copper,  and 
its  CAOWf  let  w  couaider  the  conditiou  o[  the  horizontul  bar 
(2310.  2313.)  when  in  the  equatorial  position,  between  the  two 
magnetic  pole«,  or  iK'fore  a  single  pule;  the  ]>uint  of  suapcnsion 
bring  in  a  line  with  the  axis  of  the  pole  and  it«  exciting  wire 
helix.  On  sending  an  eleelrie  current  through  the  helix,  both 
it  null  the  mii^net  It  prrxhu'es  will  etmclucc  to  the  formatiun  of 
rurretitA  in  the  copper  bar  in  the  contrary  direction.    'Dua  ia 
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gliowMi  from  my  former  researches  (26.),  and  may  be  proved,  Ijy 
placing  a  sraall  or  large  wire  helix^sliapeil  (if  it  Ije  desired)  in 
the  form  of  tlie  bar,  and  carrying  away  the  current*  procluccd  m 
it,  Ijy  wires  to  a  gaJvaaometer  at  a  distance.  Such  currents, 
being  produced  in  the  copper,  only  continue  wliilet  the  magoet- 
ism  of  the  core  is  rising,  and  theu  cease  {18.  39.) ,  lint  whifal  they 
continue,  ibcy  give  a  virtual  raagnctic  polarity  to  that  face  of 
the  copper  bar  which  is  opposite  to  a  certaiu  pole,  the  jwlarity 
being  the  sanie  in  kind  as  the  pole  it  faces.  Tims  on  the  side 
of  the  bar  facing  the  north  pole  of  the  magnet,  a  north  polarity 
will  bo  developed ;  and  on  that  side  facing  the  soutb  pole,  n 
BontU  polarity  will  be  generated. 

2334.  It  is  easy  to  see  that  if  the  copper  daring  tbls  time 
were  opposite  only  one  pole,  or  being  between  two  poles,  were 
nearer  to  one  than  the  other,  this  effect  noiild  eanne  its  repul- 
sion. Still,  it  cannot  account  for  the  whole  amount  of  the  re- 
pulsion obscn-ed  alike  with  copper  as  with  bismuth  {2S95.),  be- 
cause the  current!*  arc  of  but  motneiitary  duration,  and  the  re- 
pulsion due  to  them  would  <:case  with  them.  They  do,  bowercr, 
cauBC  a  brief  repulsive  cn'ort,  to  wliick  in  chieDy  due  the  first 
part  of  the  pccnliar  effect. 

28.15.  For  if  the  copper  bar,  iiiHcad  of  being  parallel  to  tlio 
face  of  tlie  magnetic  pole,  and  tlierpfnrc  at  right  angles  to  the 
resnltant  of  magnetic  force,  be  inclined,  forming,  For  instance, 
an  angle  of  45°  with  the  face,  tben  the  induced  currents  will 
move  generally  in  a  plane  corres]JO)bding  more  or  le«s  to  that 
angle,  nearly  as  they  do  in  the  ci^auiiuing  helix  (2333.) ,  if  it  be 
inclined  in  tlic  aanie  manner.  This  throws  tlie  jwlaraxis  of  the 
bar  of  copper  on  one  side,  so  that  the  north  polarily  is  not  di- 
rectly opposed  to  the  north  pole  of  the  inducing  mag^iets,  and 
hence  the  action  both  of  this  and  the  other  magnetic  pole  upon 
the  two  polarities  of  the  copper  will  be  to  urnd  it  further  round, 
or  to  place  it  edgeways  to  the  poles,  or  with  its  brcntlth  parallel 
to  the  magnetic  resultant  pa-';iiing  through  it  (2323.)  :  the  bar 
therefore  receives  an  ImpnUe,  and  tlie  angle  of  it  nearest  to  the 
magnet  appcirs  to  lie  pulled  up  tuwiii-dH  the  magnet.  Thin  ac- 
tion nf  counw  Mops  the  iiiataut  the  magnetiun  of  the  helix  core 
ceases  to  rise,  and  then  the  motion  due  to  this  cause  ceases,  and 
the  co]ipcr  is  nimply  subject  to  the  action  before  deseribcd 
(2295.).     At  the  same  time  that  this  twist  or  small  [xirtion  of  a 
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Inni  round  tlic  jwint  of  suspens'ioii  occiir»>  Oie  centre  of  gravity 
or  the  whole  maes  is  repelled,  and  tliiu  1  bi^lieve  iJl  the  actions 
up  to  this  condition  of  things  is  accounted  for. 

2336.  Then  comes  the  revulsion  which  oeturs  upon  thocossn- 
ticm  of  the  electric  current,  and  the  falling  of  (be  mitgnetiHm  in 
Uie  core.  According  to  the  Uir  of  mngndcxrlcctric  iudoction, 
the  disappearance  of  the  magnetic  force  will  induce  brief  currents 
in  the  copper  bar  (28.),  but  in  the  contrarv  direction  to  those 
induced  in  the  first  instance;  and  therefore  the  virtual  magnetic 
pole  belonging  to  the  copper  for  the  moment,  which  is  nearest 
the  north  end  of  the  electro-magnet,  will  be  a  south  pole;  and 
that  which  is  furthest  from  the  same  polr  of  the  magnet  will  he 
a  north  pole.  Hence  will  ari«c  an  cxei-tion  of  force  on  the  bar 
tending  to  turn  it  round  its  centre  of  suspension  in  the  contrary 
(direction  to  that  which  occurred  before,  and  hence  the  apparent 
TPvaUion ;  for  the  angle  nearest  the  magnetic  pole  will  recede 
from  it,  the  broad  face  (£323.)  or  length  (2015.)  of  the  bur  will 
come  round  and  face  towards  the  magnet,  and  an  action  the  re- 
Tcrsc  in  every  respect  of  the  first  action  will  take  place,  e?cc«pC 
that  whereas  the  motion  was  then  only  a  few  degrees,  now  it 
may  eiteiid  to  two  or  three  revolutions. 

^37.  The  cause  of  this  differenec  la  very  ubvioux.     In  the 

first  instance,  the  bar  of  copper  was  moving  under  influences 

iwcrfuUy  tending  to  retard  and  aloy  it  [231i'J,) ;  iu  tlic  second 

"^ctat  these  influence*  arc  gone,  and  the  bar  rcvolvca  freely  with 

a  force  proportionate  to  the  power  exerted  by  the  magnet  upon 

the  cnmmts  indnced  Ijy  its  own  action. 

2338.  Even  when  the  copper  i<i  of  such  Fonn  as  not  to  give 
tlic  oblique  resultant  of  magnetic  action  from  the  currcntA  in- 
luccd  in  it,  when,  for  iu^timce,  it  is  n  cube  or  a  sphere,  still  the 
effect  of  the  action  dcscril)cd  above  is  evident  (2325.).     When  a 
]dBtc  of  copper  about  three-fourths  of  an  inch  in  thickncsR,  and 
Lficightng  two  ptiunils,  was  sustained  upon  some  Iookc  blocks  of 
and  placed  about  0*1  of  an  inch  from  the  face  of  the  mag- 
netic pole,  it  was  repelled  and  held  off  a  certain  distance  upon 
the  making  and  continuing  of  electric  contact  at  the  battery; 
ond  vbcn  the  battery  current  wb.s  stopped,  it  returned  tiiwnrda 
the  pole;  but  the  return  was  much  more  powerful  than  that 
due  to  gravity  alone  (as  was  ascertained  by  an  experiment),  the 
plate  being  at  that  moment  actually  a/^raWcJ,  uswc\laste.udiu^ 
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bj  graintatioD  towards  the  magnet,  so  that  it  gave  a  strong  tap 
against  it. 

S330.  Such  is,  I  believe,  the  cxplaucttiOQ  of  the  peculiar  phie- 
DOmcna  presented  hy  eoppcr  in  the  inngnctic  field ;  and  the 
reoHOD  why  they  appear  wilh  this  metal  and  not  with  bismuth 
or  heavy  glaax,  in  almost  certainly  to  be  found  in  its  high  electro- 
conducting  power,  which  pi;rmit»  the  funuatiou  of  currents  in  it 
by  inductive  forces,  that  cannot  product  the  same  in  a  corrc- 
sponding  degree  in  bismuth,  and  of  course  not  at  all  iu  heavy 
glass. 

2340.  Any  ordinary  magnetism  due  to  metals  hy  rirtuc  ot 
their  inherent  power,  or  the  presence  of  small  portions  of  the 
magnetic  metals  in  them,  must  oppose  the  dcTclopnicTxt  of  the 
reaalts  I  have  been  dc«cribiug;  and  hence  metals  not  of  abw- 
hite  purity  caonot  be  compared  with  each  other  in  tliis  respect. 
I  have,  nevertheless,  observed  the  same  phienomena  in  other 
iDctaJs ;  and  hr  far  as  regards  the  sluggishncsss  of  rotatory  mo- 
tion, traced  it  even  into  hiHrnuth.  Thcfollowing  arc  the  mctala 
•wliich  have  presented  the  phajuomcna  in  a  greater  or  smaller 
dqjrcc : — 

Copper.  Mcrcnry. 


Silver. 

Gold. 

Zinc. 

Cadmium. 

Tin. 


Platinum. 

Palladium. 

Lead. 

Antimony. 

Bismuth. 


2.'V41 .  The  accordance  of  ihese  phatnomeiia  with  the  boauliful 
discovery  of  Arago',  with  the  results  of  the  expcrimcnti  of  Her- 
schcl  and  Babbage-,  and  with  my  own  former  inquiries  (81.)*, 
is  very  erideut.  AVhethcr  the  effect  obtained  by  /Vmpero,  with 
hia  copper  cylindcrand  hpliK*,wn8of  this  nature,  I  caiuiot  judge, 
innsmiich  as  the  circumstances  of  the  experiment  aiid  the  energy 
of  the  apparatus  are  not  sufficiently  stated ;  hut  it  probably  may 
have  been. 


'  Annnk-s  doCh!nuu,2xvii.  SOS;  sxruJ.SSS;  xxicii.  :>I3.  I  am  verjr  glad 
to  reftir  hore  to  ihe  Complca  Kendu^  of  J  uno  0,  1  mn,  whcK  it  appoAnt  tliitt  it 
TTM  it.  Ara^o  who  fmtt  «1]tiunMt  hia  peculiar  imiilta  l»y  th(!  aev  of  electro-  «a 
well  an  cnmiuoD  ma^i^lA. 

'  i'hiloMijihicnl  TrBi3Micti<m«,  1k2">,  p.  467.  *  Itid.  3833,  n,  1(0, 

*  Bibliotbcquo  UuivoiMlLi,  xxi.  ^  id. 
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2342.  Ab,  because  of  other  duties,  three  or  four  -weeks  may 
elapse  before  I  shall  be  able  to  complete  the  verification  of  cer- 
tain experiments  and  conclusions^  I  submit  at  once  these  results 
to  the  attention  of  the  Royal  Society,  and  will  shortly  embody 
the  account  of  the  action  of  magnets  on  magnetic  metals,  their 
action  on  gases  and  vapours,  and  the  general  considerations  in 
another  series  of  these  Researches. 

Royal  Institution, 
Nov.  27j  1845. 
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$  27.  Oa  mw  magnetic  aclhft$,  end  on  the  magnetic  condition  of 
all  matter — eonttnued.  H  \\  Action  of  magnala  on  ike  mag- 
netic mvlcd)  ami  their  compounds.  %  \\.  Action  of  magnets 
on  air  and  ffOita.     H  vii.  General  contiderations. 

Reoetivei  DMember  $4,  l$4S|— B««d  Junuftry  H,  184(1. 
^  V.  Action  cf  magnets  on  the  magnetic  metals  and  their  compounds. 

2343.  Thk  magnetic  characters  of  irou,  uicke),  and  cobalt,  ore 
well  kooirii ;  and  aUo  the  fuc-t  that  at  certain  temperature!)  they 
lose  their  tuual  property  and  become,  to  ordinary  test  and 
obserration,  noD-maguetic ;  then  entering  into  the  list  of  dia- 
magiiptic  boflies  and  acting  in  tike  manner  with  them.  Clover 
inrcstijfation,  however,  has  shown  me  that  they  are  still  very 
different  to  other  hndics]  and  that  though  inactive  irbcn  hot,  on 
common  ma^nct^  or  to  common  teste,  they  are  not  so  abso- 
lutely, but  retain  a  certain  amonnt  of  magnetic  poirer  wliaL- 
evor  their  tempcrRtiirc ;  and  also  that  this  power  is  the  same  in 
character  with  tliat  which  lliey  ordinarily  possesa. 

23'1-i.  A  piece  of  iron  wire,  about  1  inch  long  and  (^Oj  of  an 
inch  in  diameter,  bcin^  thoroughly  cleaned,  vaa  auspended  at 
the  middle  by  a  fine  platinum  wire  connected  with  tlicsa»pend- 
ing  thread  (2249.)  so  as  to  swing  between  the  poles  of  the 
electro-magnet.  The  heat  of  a  spirit  lamp  was  applied  to  it,  and 
it  aooDarquircd  a  temperature  which  rendered  it  qnitc  insenaihlc 
to  the  prcacncc  of  a  good  onlinary  magTict,  however  closely  it 
yiM  approached  to  the  heated  iron-  The  temperature  of  the 
iron  was  then  rained  considenihly  higher  by  ndjuslraent  of  the 
flame,  and  the  electro-magnet  thrown  into  action.  Immediately 
the  hot  iron  became  magnetic  and  pointed  between  the  poles. 
The  power  was  feeble,  aud  lu  this  respect  the  Btute  of  the  iron 

'  FIulo«op]iic*]  'i'luiasctioiui,  1840,  p.  41. 
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/ifB*  in  strikiuft  oontnut  with  that  irhich  it  bad  when  cold  j  but 
Id  chanurter  the  force  was  precisely  the  earoc. 

It&Vi.  'The  iron  was  then  nllowed  to  fall  in  t«n] pprntiirc  t»1owly, 
that  its  asuumptian  of  tW  higher  magnetir  condition  might 
be  obaored.  The  iotCDsitjr  of  the  force  did  not  appear  to  in- 
ontil  the  tanperstare  arrivci)  neur  u  certain  point,  and 
I  u  the  host  continued  to  diuiiuish,  tLc  irou  rapidly,  bttt  not 
iustantaneoualr,  aoquire^t  its  bigfa  tnagnc^tic  power;  at  which 
itooahtnotbekcpt  fruin  the  magnet,  but  flew  to  it,  bending 
iDipctadinfr  wire  aud  trembUug  as  it  were  with  magnetic 
as  it  adhered  by  one  end  to  the  core. 
23if>.  A  small  bar  of  nickel  was  submitted  to  an  experimental 
taminatiou  in  the  samemanucr.  Thin  metal,  a»  I  havcshnwn^, 
its  magnetiatn  aa  reapccta  ordiuaiy  tests  at  a  heat  liclow 
-that  of  boiling  oil,  nnd  hence  it  \»  very  well  fitted  lo  «huw 
wlictbcr  the  magnetic  metals  can  have  their  power  entirely  re- 
tuoviMi  by  heat  ornotj  and  alno  whether  the  disapiwurauco  of 
the  whole  or  greater  portion  of  their  power  is  sudden  or  gradual. 
The  smnllDenH  of  the  mnsa  to  bo  cxppriniented  on  Bssiiitod  mnch 
iu  tlic  determination  of  the  latter  point.  V|M)n  being  licatcd  tliu 
nickel  soon  becnmc  indifTerent  to  onlinary  magBcts  ;  hut  howerer 
high  the  tcmperulun-,  litillit  is  pointed  tn  and  was  attracted  by  tho 
elect  ro-masnct.  The  power  wns  rery  t'licbic,  but  certain.  It 
was  scarcely  enough  to  sustain  the  weight  of  the  nickel  by  tbo 
Fmagndtic  action  ahioe  ;  but  was  abundantly  evident  when  tho 
metal  was  siipport^-^l  as  dotcribed  (241*.). 

31$-i7.  On  carefully  lonering  the  temperature  of  the  nickel, 
it  waa  again  fonnd  tlut  the  tmnxitiou  from  oao  degree  of  magnetia 
^fbrec  to  the  otlicr  wa«  progressive  and  not  iuHtantiuicotis.     With 
'iron  it  is  difficult  to  preserre  all  the  paru,  either  in  heating  or 
cooling,  ao  nearly  at  the  same  temperature  as  to  be  sure  that  it 
ii»  not  the  union  of  hotter  nnd  mitler  portions  which  gives  the 
rsppcarauce  of  an  iutcnuediate  degree  of  magnetism  ;  hnt  with 
nickel  that  is  not  so  difHealt,  for  the  progression  is  more  gra- 
dual, Bu  that  when  in  eiMiIing   tlu!  power  began  to  inerease,  tho 
^oooliug  might  be  eoutiuuul  somu  time  fwfore  the  full  ilegrea  of 
power  cnnie  on ;  at  any  time  in  that  period  tlie  temperature 
^might  be  slightly  noied,  and  though  the  power  would  then 

■  Phlk«)iducslMagazuM,163tl,volviiip.l79,or£xp«rim«ata]|RMa«nhefl, 
vol.  it  p.  Sl», 


iliminiitli  a  tittle^  it  oould  yH  be  retaincil  at  a  degree  stronger 
tliaii  tlie  weakest.  In  fact  it  -was  ea»y  to  kerp  the  oickel  at 
many  of  the  iiitermediatc  degrees  of  power,  and  tlius  to  rcmorc 
nil  doubt  of  the  progressive  aAsumption  of  the  full  degree  of 
force. 

2.1-18.  I  have  expressetl  an  opinion,  founded  on  the  different 
tcRipcmtiireH  at  which  the  magnetiu  metals  appeared  to  hixe 
their  peculiar  pnwcr',  that  all  the  metals  would  prt>bably  have  the 
aamc  character  of  magnetism  if  their  t^emperaturc  could  be  lowered 
BufficieRtly.  Tlie  facts  just  described  ap[H.*ar  to  mo  entirely 
against  such  an  opinion.  The  metals  which  are  maguetic  re- 
tain a  portion  of  their  power  after  the  great  change  hatt  been  ef- 
fected, or  iu  what  might  be  called  thciir  diamagnctic  state;  but 
the  other  metals,  such  as  bixmuth,  tin,  Szc,  present  no  trace  of 
this  power,  and  therefore  arc  not  in  the  condition  of  the  heated 
iron,  nickel,  or  cobalt ;  for  in  fact  whilnt  these  jioint  axiallv  and 
an:  nttrnctcd,  the  others  point  oiiuatoriuliy  and  arc  rci»elt«-d.  1 
thtTcforc  hupc  to  be  allowed  tu  withdraw  the  view  1  then  put 
forth. 

281!).  1  next  |iroeee'lefl  to  p^amiue  the  pemxideB  of  iron,  and 
in  aecorilancc  with  the  observaticniH  of  M.  BwKjuerf'l'  and  otbcni 
found  them  all,  both  luiturnl  and  arttUeinl,  pussasscd  uf  magnetic 
power  at  aimnion  temperatures.  1  heated  them  iu  tubes  but 
found  them  still  maguetic,  ftuffcring  no  diminution  of  tho  force 
by  Bueh  temperature  aa  1  eouUI  apply  to  tlicm. 

2350.  DiU'erciit  specimens  of  the  oxi{lc  of  uiekel  were  found 
to  pre.?ent  the  same  phiennmcna.  They  were  magnetic  both 
when  hot  ami  cold  ;  and  that  heat  should  cauHC  no  change  in 
this  respect  is  ibe  more  striking,  because  the  hot  oxide  had  a 
temperature  given  to  it  far  higher  than  that  necessary  to  produce 
the  great  magnetic  ebaiige  iu  the  metal  itself  (2.'J  Mi.). 

23d  1 .  The  oxide  of  cobalt  also  was  maguetic,  and  equally  mag- 
netic, whether  hot  or  cold.  Glass  coloured  blue  by  cobalt  in 
magnetic  in  consequence  of  the  presence  of  the  oxide  of  that 
metal,  and  ia  so  whether  hot  or  cold.  In  all  these  cases  the  de- 
gree of  power  retained  was  very  small  compared  to  that  of  the 
pure  metal. 

'  Phn«<>phirnl!ir*ga>fliW,1836,Trf.\-ii!.p.l7";  iWd.  1839,  vol.  rir. p.  161, 
or  Ex|i(!rimtuiUl  ICosesrcbw^  vol.  ii.  pp.  i)17, 2i-*. 

*  Aaaftles  dft  ('liimk,  1^,  vol.  ucivl.  p.  897.  Conipt«s  RmclDs,  lAJlJ, 
vol.  xs.  ^  170a 
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23S2.  Proceeding  to  tkt  aall*  of  iron,  I  found  tbom  magnetic. 
Clean  cn-«tftls  of  the  proto-sulpliatc  of  iron  were  attracted  and 
pointed  asiftlly  Tcry  woll  j  so  oloo  did  the  dty  salt.  As  I  pro- 
ceeded I  found  that  every  salt  and  compound  coutainiag  iron  in 
tie  basic  part  yeas  magnetic.  To  enumerate  the  different  sub- 
BtADCca  subjected  to  trial  vronld  be  tedious  ;  the  foiJowing 
sclucted  as  illustrations  of  the  variety  in  kind  ;— 


are 


ProtocLloride. 

Pcrchloridc. 

Iodide 

I*roto«alphatc. 

Persulphate. 


3353.  AmungHt  native  compotuida — 


PrDtopfaoapliate, 
Perphosphatc. 
Nitrate. 
Carbonate. 
IVissidu  Blue. 


Bug  iroD  ore. 
Hferoatite. 
Chromate  of  trou. 


Yellow  sulphuret  of  iron. 
ArtenicfU  i)yrite!i. 
Copper  pyrite*,  and  many 
othcra  wrrp  ma^etie. 

SS54.  Green  buttlc-^huw  is  com]iurutivcly  vi^ry  magnetic  from 
the  iron  it  coutaiiiH,  and  cannot  be  used  as  tiilw^  to  hold  other 
sub»tnne«s.  Crown  glass  is  niagnelic  frum  the  mmc  eauae. 
flint  gUas  is  not  ma^ietie,  but  jKiint»  cquntoriully. 

335!}.  Crystals  of  the  yellow  Fcm><pniiisiate  of  iK>tBna  were 
not  ma^ictic,  but  were  repelled  and  ^ct  e<iHatorially  ;  and  sach 
was  the  case  also  with  red  ferro-pruMiatc. 

23.')6.  According  to  my  hojtea,  even  the  solutions  of  the  for- 
ru)nnous  BAlts,  whether  in  water  or  alcohol,  were  magnetic.  A 
lube  fillnl  with  a  c\vmt  nulution  of  protu-  or  persulphate  of  iron, 
or  proto-  or  pcrchhiridCj  or  tiueture  of  muriate  of  iron,  woa  at- 
tracted  by  the  poles,  and  pointed  very  well  between  them  in  the 
axial  direction. 

'Z^7.  These  solutions  supply  a  rery  important  means  of  ail- 
Tancing  magnetieal  investigation,  for  tlicy  present  us  with  the 
power  of  making  a  magnet,  which  is  at  the  same  time  liquid, 
traiifpnrcnt,  and  within  certain  limit*,  adjwstible  to  any  degree 
of  fetrengtb.  Hence  the  power  of  e:iainining  amaguet  optieally. 
Heaoe  also,  the  capability  of  placing  magnetic  portions  of  mat* 
tcr  one  within  another,  and  so  observing  dynamic  nnd  other 
pharuomcua  withiu  mugnctic  media.  In  fact,  not  only  may  these 
[tabstancca  be  placed  ae  magneta  in  the  magnetic  field,  but  thQ 
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field  generally  m!i.y  be  filled  with  them,  and  then  other  bodies 
and  other  magnets  examined  ns  to  their  joint  or  separate  actions 
iu  it  {23G1.  Sw.)- 

2358.  In  reference  to  the  salts  of  nickel  ami  cobalt,  jjure  cry- 
stals of  the  snlphatc  of  nickel  were  found  to  Ik;  well  magnetic, 
aiul  also  t>uri;  crystala  of  snlphuto  of  cobalt.  Sniutiuiis  of  tlie 
sulphate  of  nickel,  the  chloride  of  nickel,  and  the  chloride  of  co- 
halt,  were  nUo  mn^ctie.  That  I  mi|j;ht  he  perfectly  aufe  in  these 
conchisionH  I  applied  U.\  Mr.  .-Vslcin  of  Birmingham,  whose  power 
of  separating  nickel  and  cohiJt  fruiu  each  other  uud  other  mctab 
is  well  known,  an  also  the  ei^alo  upon  whicli  he  carricB  on  thcAC 
apcratloiis ;  and  he  favoured  me  with  a  solution  of  chloride  of 
nickel  and  another  of  chloride  of  cobalt  perfectly  [mre,  both  of 
which  proved  to  be  well  magnetic  between  the  poles  of  my 
magmrt, 

2359.  Heat  applied  to  any  of  these  magnetic  solationfl  did 
not  diminish  or  affect  tbcir  power. 

ZiW.  These  results  with  the  salts  of  the  magnetic  metals  con- 
join with  those  before  quoted,  as  tending  to  show  that  the  non- 
magoetic  metals  could  not  by  any  change  of  temperature  Ik 
rendered  magnetic  [2398.),  but  as  a  class  are  distinct  from  iron, 
nickel,  and  cobalt ;  for  none  of  the  compounds  of  the  noH'mag- 
netic  mctaU  sIkiw,  as  yet,  any  indication  of  ordinary  magnetic 
force,  whereas  in  rc8i>ect  of  these  three  substances  ull  their 
compomuls  possess  it. 

'IMW.  In  illustration  of  the  power  which  the  iron  ami  other 
aimilur  Holutiona  give  in  the  itirrstigstinn  of  magnetic  phxnCK 
mcua  (2357.),  as  well  an  in  reference  to  the  general  conclusions 
to  be  dmwn  from  all  the  facts  described  in  this  paper,  1  will 
proceed  to  dcficribu  certain  anticipated  resuint  which  wure  ob- 
tained by  the  emplovmcut  of  these  aulntions  in  the  magnetlo 
field. 

2362.  A  clear  solution  of  tlie  proto-sulphate  of  iron  vas  pre- 
pared, in  which  one  ounce  of  the  lit|nid  contained  fcrenty-four 
grains  of  the  hydmied  crystals ;  a  second  solution  was  prepared 
containing  one  volume  of  the  former  and  three  volumes  of  water; 
B  thirti  solution  was  m.ide  of  one  rolnme  of  the  stronger  solu- 
tion and  fifteen  volumca  of  water.  These  solutions  I  will  distin- 
guish as  Nos.  1,  2,  and  3 ;  tlic  proportions  of  crystals  of  sul- 
phate of  iron  in  them  were  respectiTely  as  16,  4,  and  1  per.  cent. 
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Dcarlj.  Ttiete  Dtunben  may,  therefore,  Iw  lalte«  m  irprcfciit- 
ing  (geucmllT  only  (2423.))  the  streogtb  of  the  magnetic  jiart 
of  the  liquids. 

S3G3.  Tubes  like  that  bcfons  dcBcribcd  (2279.)  were  prepared 
■nd  Oiled  respectively  with  these  wlutioiu  and  theu  hormcttcally 
sealol,  an  little  nir  tm  possible  being  left  id  them.  OloMes  of 
the  volutionn  were  also  prejHtrefi,  Inrfre  cnoiigb  to  allow  the 
tubes  to  mure  freely  in  thcmj  nttd  ret  nf  such  size  aud  shape  w 
vouhl  permit  of  their  helitg  placed  bctwircn  the  magiielic  pulex. 
In  this  matmcr  the  action  of  the  majnioticforecs  u|)Oii  the  miLltcr 
in  tite  tubes  euuld  be  examiaetl  ami  obscrted,  Iwtli  when  the  tubes 
were  in  diamagnetic  media,  a«  air,  water,  alroliol,  tt:<*.j  niid  also 
in  ou^rnetic  media,  either  atrouger  or  weaker  in  magnetic  force, 
than  the  sul»taiices  in  the  tubes. 

S304.  ^Mici)  the^e  tubes  were  suspended  in  air  betwcon  the 
polet,  4wy  all  pointed  axially  or  magnetically,  oa  was  to  be  ex- 
pertetl ;  and  with  forces  apparently  pnniortioiiftte  to  the  strengths 
uf  the  Bolutiuuif.  When  they  were  immersed  in  alcohol  or  water 
they  also  pointed  in  the  same  directiou;  the  strongest  solution 
very  well,  and  alto  the  second,  hut  the  weakest  nulutinn  was 
feeble  in  its  action^  though  very  distinct  in  Its  ehnraet^r  (2432.) . 

2365.  "When  the  tubes,  immersed  in  the  diScrent  fcrrugiuouj 
•ointions,  were  acted  upon,  the  result-"  were  very  inter^ting. 
The  tube  No.  1  (the  Btrougcst  magnetically),  when  in  solution 
No-  ] ,  bad  no  tendency,  nnder  the  iufluencQ  of  the  magnetic 
power,  to  any  particular  position,  bnt  remained  wherever  it  was 
placed.  Beiog  placed  in  solution  No.  2,  it  pointed  well  axially, 
and  in  solution  No.  8  it  took  the  same  direction,  but  with  still 
XDoro  power. 

236().  The  tube  No.  2,  when  in  the  solution  No.  I,  ]iointcd 
eijuatorially,  <.  f.  aa  heavy  glass,  bismuth,  or  a  diamagnetic  l>0(ly 
generally,  in  air.  In  solution  No.  2  it  wiut  iniliffereiit,  not  puint- 
ing  cither  way  ;  and  in  floliition  No.  H  it  pointed  aiinlly,  orasa 
magnetic  body.  The  tube  No.  3,  containing  the  wcukcst  solu- 
tion, pointed  equatorinlly  in  solutions  No.  1  and  2,  and  not  at  all 
hi  solution  No.  3. 

2SG7.  Several  other  ferruginous  nolulious  varyiug  in  strength 
■were  [ireparcd,  and,  aa  a  general  and  eon^tant  result,  it  was 
foiuid  that  any  tube  pointed  axially  if  the  solution  in  it  was 
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stronger  tlian  tlic  nurrouuiliug  aalutiou,  and  ei|uatoriallr  if  tite 
tube  Bolutiou  was  the  weaker  of  tLe  tiro. 

23G8.  The  tubes  wore  now  suspendwl  vertit;ally,  «o  that  lieing 
in  the  difTcrciit  nolutianit  tliey  coulil  1>c  brought  near  to  oue  of 
the  magnetic  poles,  and  employed  ia  place  of  the  iiidicatrng 
ouhe  or  sphere  of  bismuth,  or  bravy  ^lasn  (2200.).  The  coii- 
Btant  result  was,  that  whon  the  tube  coDtiuiicd  a  stronger  8d1u  • 
ticm  than  tlint  which  surrounded  it,  it  was  attrncted  to  the  pole, 
but  uhun  its  suliition  was  the  weaker  of  the  two  it  was  repelled. 
The  latter  pliienomcna  were  as  to  api>earancc  in  every  reapect 
tbe  same  iw  those  preaeutcd  in  the  repulsion  of  heavy  glass, 
bismuth,  or  any  other  dianiagiictic  body  in  air. 

3360.  llaring  descriljcd  the«G  phfenomcna,  1  will  defer  their 
further  coii<iideratioa  until  I  nn-ivc  at  the  ln»t  division  iif  thiH 
pa[icr,  and  proceed  to  certain  results  more  cspeci:flly  beluugiiig 
to  the  piTBCiit  part  of  these  Reaearches. 

UHTO,  As  the  magnetic  metals,  iron,  nickel  and  oohfilt  pre- 
sent in  their  compounds  bubstancca  also  diatinguishcd  by  the 
pDHKCwion  of  magnetic  properties  (1!360.},  so  it  appeared  very 
probable  that  other  nietaTs,  of  whonc  magnetic  character  dmibts 
were  entertained,  liecause  of  tlic  possible  presence  of  iron  in  the 
Kjicc^imciis  experimented  with,  might  iti  thi»  way  hare  their 
magnetic  character  teitted  ;  for  it  seemed  Ukely,  from  analogy, 
tliat  every  metal  well  majfrctie  pfT  «e,  would  be  magnetic  in  its 
cttmpuunds  j  and,  judging  from  the  character  of  the  great  claims 
of  dinmagisctic  bodies  {227!j.),  that  no  magnetic  compounds 
would  be  obtained  of  a  metal  not  magnetic  of  itself.  Acconl- 
iugly  I  proceeded  to  apply  this  kind  of  teat  to  the  coiubiuatious 
of  many  of  the  metal  8,  and  obtaiucd  the  following  rt«ulta  : — 

2371.  Tiianinm. — Wollastonhafldeacribed  the  magnetic  eOcets 
of  crr,iti»]s  of  titanium,  csjjrcssiiig  nf  the  same  time  a  belief  that 
thry  arc  due  to  iron'.  I  took  a  specimen  of  the  oxide  of  tita* 
uium,  which  I  belie  re  to  be  perfectly  free  from  ii-ou,  and  in- 
closing it  in  a  tube  (2279.),  subjected  it  to  the  action  of  the 
elcctro-mngnet  (22 Wi.  2217.).  It  proved  to  be  freely  magnetic. 
Another  sperimen  obtained  from  Mr.  Johuxon,  and  believed  by 
liim  to  be  p<!rfcctly  free  from  iroii,  was  aUo  magnetic.  IIcDce 
I  conclude  that  titanium  is  truly  a  magnetic  metal. 
'  l'hi!o«tJ>icia  Tnwwaetiom,  1823.  p.  400. 
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3372.  Stanganate. — Bertliier,  u  far  u  I  am  airarc,  Srat  an* 
notmced  that  this  metal  was  magnetic  at  veiy  low  tempera- 
tore*  '.  Oil  sulimiltirig  specimens  of  the  various  cixiJei,  whirh 
were  considcretl  as  i»ure,  w  iJie  loagitctic  foi-ce,  tbejr  vera  all 
fnniid  to  be  magnetic,  cepcciallj  the  protoxide.  So  were  the 
following  compouiHU  of  manganese  in  the  pure,  drv,  or  cryatal- 
lixed  state: — cliloritlc,  sulphate,  ammooio-itiilphate,  phosphate, 
carbonate,  borate;  and  also  the  chloride,  nitrate,  sulphate,  and 
ammouio-snlphate  when  iu  solution.  A  specimen  of  the  am- 
I  monio-sulphate  was  rcudcred  ulkaline  by  the  adJitiou  of  a  little 
carbonate  of  ammoaia  boiled  and  then  carefully  crystallized 
thrice  ;  afler  that  the  crpstals  and  sulutiua  of  the  purified  siUt 
were  perfectly  and  well  maguL>ttc.  ILavcuodoubt,  therefore.,  that 
manganese  is  ama^cticDietal.as  Berthier  said.  If  any  opinion 
may  be  drawn  concerning  the  magnetic  force  of  tltc  mrtal  from 
the  dc^^rcc  of  magnetism  of  the  compounds,  I  should  expect 
that  mangnneeo  poawMes  conRidernhIc  power  of  this  kind  when 
at  a  sufficiently  low  ternperatnrc  *. 

2373.  Ceriam. — I  am  nut  awiirc  that  cerium  liaa  as  yet  been 
daased  with  the  ma^uetic  mctols.  Hftvinj;  miwlc  experimcuta 
with  the  hydrate*!  pniLoxiile,  the  carbonate,  and  the  cldoride  of 
this  metal,  and  also  with  the  double  sulphate  of  the  oxide  and 

otasaa  prepared  with  great  care,  1  found  them  all  magnetic ; 

'and  tboae  that  are  soluble  are  umgnetic  iu  the  state  of  solution. 

Hence,  as  the  compouiHls  arc  undoubtedly  uia^ictic,  there  in 

crrry  reason  to  boLiere  that  cerium  also  ia  a  magnetic  metal 

(2370.). 

2374.  Chrominm. — The  magnetic  plisenomcna  of  chromium 
cotnpouuil"  nre  rerj'  interesting.  Portion*  of  the  ebroniate 
and  the  hit^hroniate  of  potaDna  were  piirilied  by  three  careful 
crystal  tjr.uti(rna  each ;  [Kirt  of  the  bichromate  was  heated  in  a 
platijium  crucible,  uutil  the  second  equivalent  of  chromic  acid 
was  eouverted  into  the  crj'stallixcd  oxide,  and  this  Inung  washed 
out  and  dried  waa  found  to  be  well  magnetic.  So  were  all  the 
other  apecimeua  of  oxide  of  chromium  which  were  examined. 

A  specimen  of  Warrington's  chromic  acid  van  found  Ui  Ik.- 
very  feebly  magnetic. 

■  Traits  i]««  ^JWllil>]1ulll  Vut9Si'chp,toinCii.p.fi32.    Philoaopbical  Ua- 
(gBibcv  lt:i-iC,M>).x^vii.p.  2. 

■  Pbilaw)i>hk«l  UsguLue,  1d4<S,  t  vl.  xiril  ]>.  3. 
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S375.  Cbromatc  of  lead,  when  subjected  to  the  mogoct,  pointed 
ec|iintorially  and  was  repcUetl.  Sucli  waa  the  cose  also  with 
rrj'stals  iif  the  chrumate  of  putasHS.  Crystals  of  t!ip  hii'hromnte, 
buw(-vtT,  did  uot  act  tliiis  ;  for  if  in  aiiy  way  affected  they  were 
ill  the  least  d^rcc  magnetic,  sliowiug  the  iufluoncc  of  the  in- 
creased proportion  of  cbromic  acid.  Solutions  of  either  salt 
pointed  well  cquatorially  and  were  repelled  ;  thus  ahowing  the 
diumagiietic  iutluenee  of  the  water  present  (2432.). 

U^TG.  As  just  stated,  a  solution  of  the  bichromate  coutainnl 
in  a  tube,  pointed  equatorially  and  was  rrpcllcd  ;  but  if  (he  same 
solution  had  a  little  alcohol  addtul  to  it,  and  also  some  pure  mu- 
riatic or  sulplmric  ncid,  and  were  then  heated  for  a  few  minutes 
to  r&lncc  the  chromic  acid  to  the  state  of  oxide  or  chloride,  then, 
on  being  returned  to  the  tube  and  subjected  to  the  niagnetj  it 
was  fiiund  strongly  ma^ctic. 

2<177.  I  think  it  has  before  been  »uid  thut  chromium  is  a  mag- 
□ctic  metal;  as  these  results  have  been  obtained  with  ita  pure 
compound!!,  there  is  no  longer  any  doubt  on  my  mind  that  such 
is  the  v&np. 

2.17H.  Lead. — ^Tlie  compounds  of  lead  point  eqnatorially  and 
an;  repelled.  The  8«l)stancea  tried  were  the  chloride,  iodide 
Bulpluiriit,  nitrate,  sidphatc,  phosphate,  carhonatCj  protosidc 
fused,  and  the  ncctattr.  A  portion  of  very  carefully  crystalUxed 
nitrate  being  dissolved  was  precipitated  by  pure  xinc,  and  the 
lend  obtained  washed  with  dilate  nitric  acid,  to  remove  Huhttalts. 
Such  lead  was  free  from  magnetism,  and  therefore  the  metal 
ranks  in  the  diamngnetic  class,  both  directly  and  by  its  com* 
poundt).  Lead  usually  appears  to  be  magnetic,  and  it  is  not 
very  easy  to  obtain  the  metal  in  the  pure  diamagnctic  state. 

2379.  Platinum. — I  have,  as  yet,  found  no  wrought  s|)ccimena 
of  this  metal  free  from  magnetism,  not  even  those  prepared  by 
T>r.  Wollaston  himself,  and  Irft  with  the  Uoynl  Society.  Speci- 
mens of  the  purest  platinum  oSitained  from  Mr.  Johnson  were 
also  foiuid  to  be  slightly  magnetic. 

2380.  Clean  platinum  foil  and  mttings  wore  dissolTcd  in  pure 
nitro-muriiiticaeid,  nnd  the  solution  evaporated  todryncBs.  Both 
the  solution  and  the  dry  chloride  pointed  equatorially  and  were 
repelled  hy  the  magnet.  A  part  of  the  chloride,  being  itia»olvud 
aud  rendered  acid,  na.s  precipitated  by  an  acid  solulioit  of  muri- 
ate of  ammonia,  and  the  ammouia-chloride  of  platiuum  washed 
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nnd  dried :  \\.  olao,  st  tbe  magnet,  poiatod  cfiuatoriaSy  and  vas 
rcprlled.  A  portion  of  this  amaionio-cbloridc,  dcconipo8<xl  iu 
a  flint-glass  tul>e  b/  iicat,  gave  8p<mgy  platinum,  wliicli  being 
preaaed  togeUier  into  a  rake,  pointing  tunaliy  and  was  attracted 
at  the  side  of  the  ma^etic  pole,  being  magnetic. 

23K].  At  prctwnt  I  bclirre  that  platinum  is  as  a  mrtiil  mag- 
netic, tliough  very  sUghtlT  so  ;  and  that  in  the  compouud^,  the 
change  of  state  and  the  presence  of  other  sulMtauccs  haying  tJie 
dianugncUc  character,  an*  snflicient  to  cover  this  property  and 
make  the  whole  compound  diamagnetic  (2422.). 

2382.  Palladium. — All  the  palladium  in  the  posscsaion  oF  the 
Boyal  Society,  prepared  by  Dr.  Wollaston,  amouutinp  to  ten 
ingots  and  roUcd  plates,  is  magnetic.  Specimens  of  the  metal 
firom  >Ir.  Jolinson,  considered  n»  pure,  were  also  nlightly  mag- 
netic. Tlie  chloride,  the  ammonio-bi chloride,  and  the  cyanurcC 
of  palladium,  pointed  eijuatoriallv  nnd  were  rppetled  by  tliu  mag- 
net, lie  same  cyanurct,  reduced  by  heat  cither  in  open  plati- 
nam  reasels  or  in  dose  glan  tubes,  gnTe  palladium  poaseaaing  a 
iieeble  degree  of  magnetic  property.  Some  of  \\'ollaston'8  palla- 
dinm  was  dissolTed  in  pure  nitromurinttc  acid,  and  the  Holution 
alowly  acted  upon  by  pure  ainc,  free  from  iron,  and  not  mag- 
netic.  I'Nre  nucoeuive  portions  of  the  prfvi|iita,ted  metal  were 
collected,  and  nil  were  maffneUc.  Ammonio-bichlnride  of  palla- 
dium was  pn'parrd  from  the  samcHolution  by  punrueid  muriate 
of  ftmoionia,  and  digested  in  nitromurialic  acid.  The  ealt  itself 
was  repelled,  Iwing  dinmngnetic;  but  when  reduced  by  heal  in 
gtaax  tubes,  or  in  Berlin  capsules,  tbe  palladium  oblaiuetl  was 
magnetic.  From  the  rennlt  of  all  the  cxpvrimenttt,  I  hclie^'e  tlie 
TOctol  to  be  feebly  but  truly  magnetic. 

33K3.  Arteuic. — ^Tbi»  metal  required  very  particular  examina- 
tion, and  even  when  carefiUly  sublimed  tiricc  or  thrice  in  suc- 
ceasioo,  presented  appearances  which  sometimcH  made  me  class 
it  with  the  magnetic,  and  at  other  times  with  the  diamagiictic 
bodiea.  On  the  whole,  I  incline  to  Ik-Iicvc  that  it  belongs  to  tbe 
latter  Kcries  of  substances,  being  only  in  a  very  small  degree  re- 
moved from  the  a:ro  or  medium  iwint.  Pure  while  arsenic 
point*  freely  in  an  equatorial  direction,  and  is  repelled  by  a  mag- 
netic pole. 

2884.  In  Tcfcroace  to  the  pointing  of  abort  bars  between  mag> 
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netic  poles  espoRiiiK  larjpi  flat  faces,  I  ought  to  obRcrve,  that 
such  bars  will  Kometimeit  point  axially  and  seem  to  lie  magnetic 
wlicu  tht-y  do  not  belong  to  that  cliiss,  auJ  arv  rt-iieiletl  by  a 
single  poll*.  Tbe  t-ausc  uf  tKis  eil'cct  bos  been  aln-ady  given 
(SS'JB.  ;f29D.) ,  a,ud  is  obviiitod  by  the  use  of  poles  Uaviug  vrcdge- 
Hhapurl  or  conical  terminations. 

2385.  Omnittm. — Osiuic  acid  fi'om  Mj*.  Johnson,  in  6uc  trans- 
p^ireut  crystals,  wasctearly  diamagnetic,  being  repelled.  Speci- 
mens of  the  metal  and  of  tiio  protoxide  were  both  slightly  mag- 
netic. 1'hc  protoxide  had  been  obtained  by  the  acliou  of  oleohol 
on  a  solution  of  oftmic  acid  which  had  twice  been  di«tilled  with 
water,  and  the  metal  wai  beliewri  to  \w-  perfectly  free  from  other 
Bulistniices.  Probably^  then^fon;,  onmium  belong:^  to  the  mag- 
nctic  elnss. 

2'!U(i.  Iridium. — Mr.  Joknsoti  supplied  me  with  several  pre- 
parations of  iridium.  The  oxide,  ebluride,  and  ummonio-chlo* 
ride  mere  mnguctie;  and  so  wuti  a  sample  of  the  metal.  One 
specimen  of  the  metal,  which  seemed  to  be  very  pure,  wa« 
scarcely  at  all  magnetic ;  and  on  the  whole,  I  incline  to  believe 
that  iridium  does  not  stand  in  the  magnetic  class. 

2^7.  Wiodium. — A  wcU-fuscd  epe^imcn  of  this  metal,  pre- 
pared by  Dr.  AVollastou,  way  ma^uotic  ;  but  crystals  of  the  chlo- 
ride and  the  «odio-ebloride  of  rhotliiini  prepared  by  the  same 
philosopher,  and  others  also  from  Mr.  Johnson,  were  not  mag- 
ncticj  but  pointed  weltetiuutorinlly.  1  conclude,  therefore,  that 
the  Dictal  is  probably  not  ma^eticj  or  if  magnetic,  is  but  little 
removed  from  the  zero  puint. 

S388.  Vranifim. — Peroxide  of  this  metal  was  obtained  not 
magnetic ;  protoxide  very  sli;i;lii1y  magiielic :  I  have  set  the 
metal  for  the  present  in  the  dinitiagiielic  class. 

2^89.  Tungsten. — The  oxide  of  this  metal,  and  also  the  acidj 
were  <mbmittcd  to  exnminntionj  and  found  to  point  well  cqiia- 
torially.  The  acid  was  dijttiiietly  repelled  by  a  single  maguctto 
pole;  the  oxide  appeared  nearly  neutral.  Hence  I  have,  for  the 
present,  eouHidered  tungsten  an  a  rliamagnctic  metal. 

239U.  Siiver  is  not  magnetic  (221)1.),  nor  its  compounds. 

'iii'Jl.  Antimony  is  not  magnetic  (3391.),  uor  its  com- 
pounds. 

''£&'iit.  BUmvlh  is  not  magnetic  (S291.),  uor  its  compouu<U. 
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Having  tried  many  of  the  compounds  of  oaob  of  thma  three 
»,  I  thought  it  well  to  record  the  accordauoe  existing;  be- 
tween thcui  and  their  oiettdlic  baaoi  (2<17().). 

23y3.  Sodium. — A  fine  large  globule,  cqiuJ  to  half  a  cubic 
iufii  vx  riwr,  was  wtU  repelled,  aud  is  therefoii?  diainai^Mic. 

239-i.  Afaf/neshim. — Noue  of  the  oonipounds  or  emits  of  this 
\  base  arc  loaguctic 
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Calcium. 

Strontium. 

liarium. 


Sodium. 

Fotaaaium. 

Ammonia. 


Koue  of  the  compouods  or  salts  of  these  substaoccs  are  magnetic. 
2^306.  From  the  characters,  therefore,  of  the  comiiOuiid<(,  ua 
well  as  from  ilirect  evidence  in  respect  of  some  of  the  mctaU,  it 
would  ap]>ciu-  that,  besides  iron,  nickel,  and  cobalt,  the  following 
vee  aim  magnetic ;  namely,  titanium,  miinganesc,  ceriuni,  chro- 
rniam,  palladium,  platinum.  Il  is,  however,  very  pn)l>ahle  that 
tliere  may  be  metal»  possessing  distinct  mii{^etic  power,  yet  in. 
■o  alight  a  degree,  aa,  Itke  ptatintmi  and  palladium,  not  to  exhibit 
In  their  coDitMunds  any  aeniiibic  trace  of  it.  Such  may  he  the 
case  with  tuogsteu,  uranitmi,  rhodium,  &c. 

2307.  I  have  heated  several  of  the  diainagnclic  metals,  even 
up  tu  their  fusing  points,  hot  have  not  been  able  to  observe  auy 
change,  either  in  the  character  or  degree  of  their  magnetic  rcla- 
tiona. 

23£>8.  Perhaps  the  couUug  of  Aome  of  tlie  metals,  whoso  com- 
pounds, like  those  of  iron,  nickel  and  cobalt,  are  maguctic, 
might  dcrclopc  lu  them  a  much  higher  degree  of  force,  Uiau 
any  which  they  liare  as  yet  been  known  to  possc&a.  Mauganose, 
chromium,  cerium,  titanium,  aic  metals  of  much  iutcrest  in  this 
point  of  riew.  Osmium,  iridium,  rhodium,  and  tuanium^  ought 
to  be  mibjt-ctcd  with  them  to  the  sune  trial. 

2399.  The  following  is  an  attempt  to  nrrangc  some  of  the 
mcUda  in  order,  an  rcspccta  their  rcbtion  tu  magnetic  furco. 
The  0^  or  medium  point  is  supposed  to  be  the  condition  of  a 
taettl  or  substance  indiiTcn^nt  to  the  magnetic  force  as  respects 
kttjmetion  or  repulsion  in  air  or  space.  The  further  siibstauces 
are  placed  from  this  point,  the  more  dijitiuctivc  arc  they  as  ro- 
.gards  their  attraction  or  repulsion  by  the  magnet.  Ncverthclcaa 
'tliis  order  may,  very  prolubly,  be  found  inaccurate  by  more 
carcfol  observation. 

VOL.  til.  9 
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Diunagootic. 
JBismutli. 

Antimony. 
Ziuc. 

Tin. 

Cadmium. 

Irou 
Nickel. 

Sodiam. 

Mercury. 

Lead. 

Cobalt. 

Silver. 

Manganese. 
Clirooaiam. 

Copper. 
Gold. 

Cerium. 

Arsenio. 

IHtajiium. 

UraiiiiuQ. 

Palladium. 

Rhodium. 

PUUnum. 

Iridium. 

Osmium, 
t 

Tungsten. 

CP 

%  vi.  Action  of  muifnets  on  air  and  ffaaea. 

3400.  It  was  impOBsiblo  to  ndraucc,  in  au  experimental  iu- 
Tcstjgation  of  the  kind  now  described,  without  haviiif;  tlic  mind 
impressed  witli  vnrious  tlieorctical  riewB,  of  the  mode  of  action 
of  the  bodies  prrxluciiig  the  plisnomeiia.  In  the  passing  con- 
sideration of  these  views,  tlic  apiiarently  middle  condition  which 
air  held  between  mofpLetic  and  diama^QCtlc  substauccs  wan  of 
the  utmost  interest,  and  led  to  many  experiments  upon  its  pro- 
Ixiblo  iuflueuce,  which  I  will  now  proceed  briefly  to  describe. 

2401.  A  thin  flint-glass  tube,  in  which  common  air  was  her- 
metically enclosed,  wa.s  placed  between  the  magnetic  poles 
{mo.)  surrounded  by  air,  and  the  effect  of  the  magnetic  force 
observed  upon  it.  There  was  a  very  feeble  tendency  of  the  tube 
to  au  etjuatorial  position,  due  to  the  substance  of  the  tube  in 
which  the  air  was  enclosed. 

2-K)2.  The  air  was  then  withdrawn  from  around  the  tube 
more  or  less,  and  at  la»t  np  to  the  highest  amount  which  a  good 
air-pump  would  effect;  but  whatever  the  degree  of  rarefaction, 
the  tube  of  air  still  seemed  to  he  affected  exactly  in  the  same 
manner  as  if  surrounded  by  air  of  its  own  density. 

S403.  I  then  surrounded  the  air-tabc  with  hydrogen  and  car- 
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bonic  acid  iu  succession  ;  but  in  Ixttb  these,  and  in  each  of  tboui 
at  diflblCQt  degrees  of  rarcfactiou,  tUc  tube  of  air  remained  as 
indifferent  at  before. 

2404.  Hence  there  appears  to  be  no  scusibic  dtittinction  be- 
tvcen  dense  or  rare  air;  or,  aa  far  as  these  experimeata  go,  be- 
tween one  pas  or  vapour  iiad  another. 

2-105.  Ab  it  did  not  seem  at  all  unlikely  thatlhc  equatorial  and 
axial  set  of  bodice,  or  their  repulHions  iiiid  ntlnietionM,  lui^bt 
depoDil  upuu  eoiLVcrsc  atrtious  of  the  mediit  by  nbieli  they  were 
surrounded  ^2301.),  so  I  proceeded  to  examine  what  would  occur 
with  diamagnctic  substauces,  when,  the  air  or  gas  which  nur- 
ronnded  them  was  changed  in  its  density  or  nature,  or  what 
vouJd  happen  to  air  itself  when  surrounded  by  these  eubstanccs. 

:f406.  The  air-tube  (240].)  was  8u«pL*udiNl  horizontnlly  in 
water  (being  retained  below  the  surface  by  a  cube  of  bismuth 
attached  to  it^Junt  beneath  the  point  of  suspcmion,  whicb  there* 
fore  could  hare  no  power  of  giving  it  din:ctiou)  ;  it  was  then 
subjected  to  the  magnetic  forccn,  and  immc<l lately  [loiuicd  well  ia 
au  axial  direction,  or  as  a  magnet  would  have  ilouc.  Being 
brought  near  to  one  pole,  it  moved,  on  the  supervention  of  the 
magnetic  force,  appearing  as  if  attracted  after  a  manner  of  a 
magnetic  body;  and  this  continued  a&  long  as  the  magnetic 
force  was  sustained  in  action. 

2'IOr.  I'he  air-tube  was  in  like  manner  subjected  to  tbe  octiou 
of  the  luaguetic  force,  when  surrounded  by  alcohol,  and  also  by 
oil  of  turpcutioe,  with  precisely  the  same  results  as  in  water. 
In  all  these  cases  the  action  of  air  in  tbe  Huida  was  precisely  the 
same  as  the  action  of  a  magnetic  body  iu  air.  The  air-tube 
was  subjected  to  the  action  of  the  magnet  even  whcu  under  the 
surface  of  mercury,  and  here  also  it  poiutetl  axially. 

2408.  In  order  to  extend  the  experimental  relations  of  air  and 
gases,  I  proceeded  to  place  substances  of  the  diamagnctic  class 
in  them.  Thus  the  bar  of  heavy  glass  (2253.)  was  suspended 
in  ajar  of  air,  and  then  the  air  about  it  more  or  less  rarefied, 
but  as  before,  in  the  case  of  the  air-tube  (2^2.),  alterations 
of  this  kind  produced  no  elTect.  'Whether  the  bar  were  in  air 
■t  the  ordinary  pressure,  or  as  rare  as  the  pump  could  render  it, 
it  still  pointed  cquatorially,  and  apparently  always  with  the 
same  degree  of  force. 

2409.  The  bar  of  bismuth  (2296.)  was  suspended  in  the  jar 
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Euitl  the  eami:  alteration  in  the  density  of  the  air  made  m  before ; 
but  this  caused  iio  diHcreoce  in  the  action  of  the  bismuth^ 
either  in  kiuU  or  tlegreo.  Carbonic  aeid  and  hvdropi^cn  gases 
were  then  introduced  in  succession  into  the  jar,  and  these  alao 
were  employed  in  different  degrees  of  rarcfection,  but  tlic  r«- 
«ults  were  the  (lamc  ;  no  change  took  place  in  the  action  ou  the 
bismuth. 

S410-  A  bismuth  eubc  was  Ruspended  in  air  and  gaaea  at  or* 
diiiaiy  pnwsure,  and  also  rarefied  bh  niueh  as  coidd  be,  and 
under  thc.<ie  circuuistaiures  it  was  brought  near  the  magnetic  pole 
and  its  repulsion  observed ;  its  action  waa  in  all  thcae  cases  pre- 
cisely the  etainc  ta  in  the  utnioaphcrc. 

2411.  The  perpendicular  copper  bar  (3323.)  was  suspendod 
near  the  magnetic  pole  in  vacuo,  but  its  set,  sluggish  more- 
ments  and  revulsion  were  just  the  same  as  before  in  air  (2324). 

!Mil2,  The  following  prcparatinns  in  tubes  (2-M)l.),  namely,  a 
vncuuu),  air,  hydrog<m,  carbonic  acid  gas,  sulphurous  acid  gaii, 
and  vapour  of  tctber,  were  surrounded  by  water,  and  then  sub- 
jected tn  the  mngnetie  force  j  they  all  )H>intcd  axially,  and,  as 
fur  as  I  could  perceive,  with  equal  force.  Being  placed  in  ales' 
Lul,  the  same  effect  occurred. 

2413.  The  same  ])rcparatiou»  being  surrouudcd  by  oar,  or  by 
carbonic  acid  ga;^,  all  set  ecjuatorially. 

341  k  The  axial  position  of  the  tubes  iu  tlio  liijnid  (2412.) 
depends,  douhtlms,  tipou  the  rclatiou  of  the  contents  of  the 
tube  to  the  surrounding  medium  ;  for  ns  far  as  the  matter  of  the 
tube  is  concerocdj  it  alone  would  have  tended  to  give  the;  equa- 
torial position,  in  the  following  succeeding  ciperimcnts(2-U3,), 
where  the  tubes  of  gnscs  were  in  surmnnding  goncs,  the  equa- 
torial puifiiion  is  due  to  this  cH'cct  uf  the  glass  of  the  tube;  and 
that  it  should  produce  its  eouataiit  feeble  effect,  undisturbed  by 
nil  the  variations  of  the  gases  and  vapours,  is  a  proof  how  like 
and  how  indifferent  these  arc  one  to  the  other. 

2415.  1  suspended  n  tube  of  liquid  sulphurous  acid  in  gaseous 
sulphurous  acid;  when  under  the  m.-ignctic  inHuence,  the  liquid 
pointed  well  cquatorially.  I  surruundcd  liquid  nitrous  acid  by 
gasiKius  nitrous  ocid;  the  liquid  jwintcd  well  ec|uatoriaIly.  I 
placed  liquid  icthcr  in  the  vapour  of  fcther  ;  the  former  pointed 
equatorial  I  y.  Upon  siupendiug  the  tube  of  viipuur  of  uilher  iu 
liquid  astlier,  the  vapour  pointed  axially. 
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2416.  In  erery  kiuil  of  trial,  thercFore,  and  io  every  form  of 
eiperimcut,  tlie  gases  and  rapoun  stUI  occiieij  a  loediuin  jwei- 
tion  between  the  ma|fnclic  aud  the  diama^ctic  claiwc*.  fcVr- 
tlior,  whatever  the  chcuiical  or  other  propertica  of  the  nubs^niiee«, 
Lowcrer  different  in  their  specific  gravity,  or  however  varietl  in 
tfactr  own  degree  of  rarrfactioii,  thry  all  become  alike  in  their 
BUfoctic  relation,  and  apparently  equivalent  toa  perfect  vacuum. 
Bodies  which  arc  rcry  marked  a»  diutnaguctic  substanecfl,  im- 
nicdintely  loae  all  trnees  of  this  ehamcter  when  they  become 
TapomuB  (iH5.)-  It  would  Itecxceeiiinglj  interenting  to  know 
whether  n  body  from  the  mafpctic  class,  as  chloride  of  iron, 
would  undergo  the  same  change. 

\  vii.  General  eovxideratioiu. 

2'U7.  Sneh  are  the  facta  whicli,  in  addition  to  those  presented 
by  ilie  plucuomeim  of  light,  e»1»bli»h  a  magnetic  action  or  con- 
dition of  matter  ncn  to  our  knowledge.  I'nder  thiR  action,  an 
elongated  |K>rticin  of  »uch  matter  uaunlly  (^353.  3^1.}  places 
itacir  at  rijjht  angleit  to  the  lines  of  magnetic  force  ;  this  result 
may  be  rcKolvtKl  into  the  umpler  one  of  nipubion  of  the  matter 
by  either  magnetic  pole.  The  »ct  of  the  elongated  portion,  or 
the  TL-puUion  of  ihu  whole  muss,  continues  as  lung  as  the  mug- 
ncbc  force  is  Bustaincd,  and  ccttiies  with  its  ec.-«ation. 

S-UH.  Ity  the  exertion  of  this  new  condition  of  force,  the 
body  moved  may  paxH  either  alony  the  muguette  lines  or  aeroiu 
them  :  and  it  tnay  move  along  or  uctoidi  theiu  iu  either  or  any 
direction.  So  that  two  {lortiuns  of  mutter,  simultuueuuBly  sub' 
jcct  to  this  power,  may  be  made  to  approach  each  other  us  if 
thcT  were  mntuftlly  attracted,  or  recede  as  if  mutually  repelled. 
All  the  phieuomeua  resolve  thcmnetvcs  lato  this,  that  a  portion 
of  such  matter,  when  under  magnetic  action,  tends  tu  move 
from  stnmgcr  to  weaker  places  or  points  of  force.  When  the 
substance  in  xnrroundcd  by  lines  of  magnetic  force  of  equal 
power  on  all  sides,  it  docs  not  tend  to  move,  and  is  thco  in 
nvkoil  coatradistiiintiou  with  a  linear  current  of  electricity 
mder  the  same  uin^umKtsuees. 

2419.  This  condition  and  efTect  is  now,  uoton^  as  it  respects 
the  irscrtion  of  power  by  a  ma^'nct  over  bodies  previously  sup- 
poHtl  to  be  indifferent  to  its  iiitlncncc,  but  ia  WK  as  a  magnetic 
action,  presenting  us  with  a  accoudmodc  in  which  the  maguotic 
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power  can  exert  its  influence.  TliCM  two  moiles  ure  in  the 
same  ^neral  nntitlietical  relation  to  each  other  as  positive  anci 
negative  in  electricit  j,  or  as  nortlmcsti  anil  aoutlinrs!!  in  polarity, 
or  as  the  lines  of  electric  and  inagnctir  force  in  magiicto-clcc- 
b'icity  ;  and  the  dianm^nctic  plitcnomcua  nrc  the  more  imiwrt- 
ant,  because  they  extend  largely,  and  iu  a  new  direction,  that 
ch&rocter  of  duality  which  the  magnetic  force  already,  in  a  eer- 
tain  degree,  was  known  to  possos*. 

2420.  All  matter  appears  to  be  snhjcct  to  the  magnetic  force 
as  universally  as  it  is  to  the  graritating.  the  electric  and  the 
chemical  or  cohesive  forces  ;  for  that  which  is  not  affected  by  it 
in  the  manner  of  ordinary  magnetic  action,  u  affected  in  the  man- 
ner I  have  now  described  ;  the  matter  possessing  for  the  time  the 
solid  or  fluid  state.  Hence  substances  appear  to  arrange  them- 
Belves  into  two  great  divisions;  the  magnetic,  and  that  which  I 
hare  called  the  diamnguctic  classes  ;  and  between  these  classes 
the  contract  is  so  great  and  direct,  though  varying  in  degree, 
that  where  a  substance  from  the  one  class  will  be  attracted,  a 
body  from  the  other  will  he  repelled;  and  where  a  bar  of  the  one 
will  assume  a  certain  position,  a  bar  of  the  other  will  acquire  a 
position  at  right  angles  to  it. 

2421.  As  yet  I  have  not  found  a  single  solid  or  fluid  body, 
not  being  a  mixture,  that  is  perfectly  neutral  in  relation  to  the 
two  ]i»tf< ;  i.  e.  that  ia  neither  attracted  nor  repelled  in  air.  It 
would  pnjbably  bo  important  to  the  couBidcration  of  magnetio 
action,  to  tnow  if  there  were  any  natural  xiniplc  substance  pos- 
sessing this  condition  iu  the  solid  or  fluid  state.  Of  compound 
■or  mixed  bodies  there  may  be  many ;  and  as  it  may  be  im- 
portant to  the  advancement  of  cspcrimental  invcstigatiou,  I  will 
describe  the  principles  on  which  such  a  substance  was  prepared 
when  retinired  for  nite  as  a  circumambient  medium. 

2422.  It  is  manifest  that  tlie  properties  of  magnetic  and  dia- 
magnetic  bodies  are  in  opposition  as  respects  their  dynamic 
effects  ;  and,  therefore,  that  by  a  due  mixlnrc  of  bodies  from 
each  class,  a  substance  having  any  intermediate  drgrec  of  the 
property  of  either  may  be  obtained,  l^rotosulphate  of  iron 
belongs  to  the  magnetic,  and  water  to  the  diamfignetic  einsa  ; 
and  using  these  substances,  I  found  it  easy  to  malce  a  solution 
which  was  neither  attracted  nor  repelled,  nor  pointed  when  in 
air.     Such  a  solutioo  pointed  axially  when  surrounded  by  water. 
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If  mule  somewhat  weaker  iti  rcnpcct  of  the  iron,  if  would  point 
ftxtall;  in  wat^r  but  cquatoriaDT  in  air  ;  and  it  could  be  made  to 
paH  more  nnd  more  into  the  magnetic  or  the  diomagnctic  class 
bjr  ilw  addition  of  more  sulphate  of  iron  or  more  water. 

2423.  I'hna  n  fluid  medium  vaa  obtained,  wbieb,  pmcticall/, 
as  &r  aa  I  could  perceive,  hod  crcry  magnetic  ebarortcr  and 
cflbct  of  a  gas,  and  even  of  a  vacuum ;  and  mi  wc  [ioiscbs  both 
magnetic  and  diamagnetic  glaiss  (2.354.),  it  is  evidently  possible 
to  prepare  a  solid  substance  poiis«asing  the  same  neutral  mag- 
netic character. 

2424.  The  endeavour  to  form  a  gcnernl  list  of  suhstanccs  in 
the  present  imperfect  aiatc  of  our  knowledge  would  be  very 
premature  :  the  one  below  is  given  Oiereforc  onljr  for  the  pur* 
pOM  of  conveying  an  idea  of  the  singular  association  under 
which  bodies  come  in  relation  to  magnetic  force,  and  for  the  pur- 
pose tA  general  reference  liereafter  :— 

Iron. 
NickeJ. 
Cobalt. 
Manganese. 
mdlodinna. 
Crown-glass. 
Platinum. 
Osmium. 
0^  Air  and  Tacuum. 
Arsenic. 
jEther. 
Alcohol. 
Gold. 
Water. 
Mercary. 
Flint>gla«s. 
Tin. 

Heavy -glass. 
Antimony. 
Phosphorus. 
Bismutli. 

S425.  It  is  very  interestiag  to  observe  that  metaU  are  the 
substances  which  stand  at  the  extreniities  of  the  list,  being  of 
all  bodies  those  which  are  most  powerfully  opposed  to  each 
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other  in  their  magnetic  condition.  It  ia  also  a  verf  remarkable 
circumstaQce,  that  these  differences  and  departures  From  the 
tnediuro  comlitioii,  arc  iu  the  metals  at  the  two  cstrcmca,  irou 
aud  hismuth,  associated  with  a  stDall  conducting  ponerforelec- 
tricity.  At  the  same  lime  the  rottirutt  bt^twccu  theac  mrtaU,  as 
to  their  6hrnit<i  and  ^nuiular  state,  their  inaUcnble  and  brittle  cha- 
racter, will  preg!*  upon  the  mind  vhiUt  contemplating  the  potwi- 
ble  condition  of  tlieir  molecules  when  subjected  tomaj^ietic  force. 

2^126,  In  n'ferenee  to  the  motulH,  us  wellaBtothedinma^iiieticn 
uot  of  that  cIttJia  (228G.),  it  is  satisfiictory  to  have  sucli  an 
auawcr  to  the  opiuion  that  all  bodies  arc  magnetic  as  iron,  us 
does  not  consist  in  a  mere  negation  of  that  which  is  atfirmed, 
but  in  proofs  that  they  arc  in  a  difl'erent  aud  op|Kiacd  state,  and 
arc  able  to  counteract  a  very  considerable  degree  of  luaguetie 
foree  (a448.). 

2427,  As  already  statc^fl,  the  mngnrtic  force  ia  »o  strikingly 
diatiuct  iu  its  action  ujjon  bodice  at  the  magnetic  and  the  dia- 
maKnetic  claims,  that  when  it  causes  the  attrnctioo  of  the  one  it 
prndTirc-s  the  reinilsion  of  the  other  ;  and  this  we  cannot  help  r&- 
ferring,  in  some  way,  to  an  action  ujMm  the  molecitles  or  the  mass 
c^  the  substauees  acted  upon,  by  which  they  arc  thrown  into 
difTrreut  eoiidltions  and  aQ'ccted  accordingly.  In  that  point  of 
view  it  i»  very  striking  to  compare  the  rc^ult^  with  those  which 
are  presented  to  lui  by  a  [>ularized  ray,  cs|H>eially  a«  tlicn  a  re- 
markable dillert-nce  comes  into  view  ;  for  if  transparent  Ijodiea 
b«  taken  from  the  two  clnitses,  as  for  iQ<itauce,  heavy  plaits  or 
water  from  tbe  diama^ctic,  and  a  piece  of  green  glua  or  a 
solution  of  grecu  vitriol  from  the  magnetic  ciasa,  then  a  given 
line  of  ningnctie  force  will  cause  the  rcpul^iiuii  of  one  and  tbc 
attraction  of  the  other;  bnt  thi»  same  line  of  foree,  which  t)nis 
affectn  the  particles  so  differently,  affects  the  polarized  ray  when 
passing  thrimgh  them  pniciscly  in  the  tame  manner  in  both 
casca ;  for  the  two  bodies  cause  its  rotation  iu  the  same  direction 

(2160.  yi99.  aaai.)- 

V-i2S.  This  consideration  becomes  even  more  important  when 
we  connect  it  with  the  diamagnetie  and  the  optical  properties  of 
bodies  which  rotate  a  [tolarized  my.  Thus  the  iron  wlutiou 
and  a  piece  of  (juartz,  having  the  power  to  rotate  a  ray,  point 
by  the  influence  of  the  aame  line  of  magnetic  force,  the  one 
asially  aud  the  other  equatorially ;  but  the  rotation  which  is 
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imprened  on  a  ny  of  Itglit  by  these  tvo  bodice,  as  fnr  rs  they 
•re  aD<ler  tbc  influcaco  of  the  iianic  magnetic  force,  is  the  *ame 
far  both.  Further,  this  rotatiuii  ia  qutk-  iuilejJL-uduDt  of,  uiid 
quite  uulike  that  of  the  ijiiartz  io  a  most  iniportiint  poiut ;  for 
tbc  quartz  by  itxclf  can  only  rotate  the  ray  in  one  direction,  but 
under  the  mflucuec  of  the  niaguctic  force  it  cau  rotate  itiKith  to 
tliL'  right  aiid  left,  according  to  the  course  of  tlie  ray  (2^i)l. 
8393.)  •  t)r,  if  two  pieces  of  quartz  (or  two  luljcs  of  oil  of  tur- 
pentiue)  Iw  taken  wliich  cau  rotate  the  my  diffrrmt  ways,  the 
further  rotatire  force  manifested  by  them  when  oudcr  the 
duiuiuion  of  the  uiaf^uetiBiu  is  alwavH  the  aume  vtay ;  and  the 
direction  uf  tUat  way  may  be  made  either  to  the  right  or  lefl  in 
either  crj'stal  or  quartii.  All  this  time  ihc  contra^  bclweeu  the 
quartz  ba  a  diamngnetic,  and  the  solution  of  irou  aa  a  mof^iictic 
body  remains  oudisturbcd.  Certain  cousidcrations  rcf^ai-diiig 
the  character  of  a  ray,  arising  from  these  coiitraalo,  pPL-ss  atnjngly 
OQ  my  mind,  which,  wlien  1  have  had  time  to  submit  them  to 
farther  experiment,  1  hope  to  present  to  tic  Society. 

2439.  Ilicon-tically,  an  cxplanatiou  of  the  movumcnts  of  the 

^^amagnctic  bodieo,  and  idJ  tbc  dyuamiciiliicuomcua  consequent 

ipoD  tbc  octioiw  of  magnets  on  them,  might  be  olfcrcd  in  tbc 

tuppo«ition  that  magnetic  induction  caused  in  them  a  contrary 

te  to  that  which  it  produced  m  magnetic  matter ;  i.  f .  that  if 

particle  of  each  kind  uf  matter  were  placed  in  tlic  magnetic 

field  botb  would  l>eeume  magnetic,  and  each  would  have  its  u.\)h 

.parallel  to  the  resiJtautofmagnctic  force  passing  through  it;  but 

Fthe  particle  of  magnetic  matter  would  have  it*  ijurtb  mid  south 
poloa  oppoutc,  or  facing  towards  the  contrary  poles  of  the  iu- 

.dncnng  magnet,  wbcrcas  with    tbc  dtnmagnctic    particles  the 

'verene  would  be  the  case;  and  XwwtM  would  rrhult  ajiproxima- 
tion  in  the  one  substaucc,  recession  in  the  other. 

2430.   L'pon  Ampere's  theory,  tJiis  view  woidd  be  equivalent 
to  the  supposition,  that  an  curreubi  are  induced  in  iron  and 

iDiagncticii  parallel  to  those  existing  iu  the  inducing  magnet  or 
battery  wire ;  so  iu  biamuth,  heavy  glass  and  diumagnetic  hocUea, 
tbc  currents  induced  are  in  the  contrary  direction.     Tliis  would 

>.lDak<'  the  currents  in  diiimagnetica  the  same  in  directiim  as  those 
rhicb  are  indue»l  in  diamuguetic  coiiJtictorfl  at  tbc  commence- 
tarnt  of  the  inducing  current ;  ami  those  iu  magnetic  bodies  the 

[fune  aa  those  prudueeJ  at  tbo  ctMaiion  of  the  same  iuducing 
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current.  No  tlifficulty  would  occur  aa  respects  iion-condactuig 
Qiftgnctic  and  dinmagnctic  eub»tancc8,  because  the  liypotlictical 
currcntB  arc  supposed  to  exist  not  in  the  mass,  but  rouud  the 
particles  of  tho  matter. 

2431.  As  far  as  (Mperiutent  yet  bears  upon  such  a  notion,  vre 
may  obserre,  that  the  known  inductive  effects  upon  mtisses  of 
magnetic  iinrl  diamagnclic  metaU  are  the  xame.  If  a  straight 
rod  of  iron  be  rarrictl  acroHs  magnetic  lines  of  fntcc,  or  if  it,  or 
a  helix  of  iron  rod*  or  wire,  be  held  near  a  magnet,  as  the  power 
in  it  rises  electric  cnrrcnts  are  indueed,  which  move  through  the 
bars  or  helix  in  certain  ili^terminate  directions  (.18.  1  M.,  &c.). 
If  a  l>ar  or  a  helix  of  bixmuth  l>e  employed  under  the  same  cir* 
enmstancCB  tho  currciita  nrc  a^ain  induced,  and  pnK*iarIy  in  the 
sarau  direction  as  in  the  iron,  so  that  here  uo  diilcreucc  occurs 
in  the  direction  of  the  induced  current,  and  not  very  much  in 
its  force,  nothing  like  so  much  indeed  aa  between  the  current 
induced  in  cittier  of  these  metals  and  11  metal  taken  from  near 
the  neutral  point  (2399.).  Still  there  is  this  difference rcmain- 
inK  between  the  conditions  of  the  experiment  and  tlie  hypo- 
thetical case  ;  that  in  tht  former  the  induction  is  manifested  by 
currents  in  the  massca,  whilst  in  the  latter,  i.  *.  in  the  apmal 
magnetic  aud  dianiaguctie  effects,  the  OTurentB,  if  they  esijit,  are 
probably  about  the  particles  of  the  matter. 


^432.  The  magnetic  relationof  airiform  bodies  is  exceedingly 
rcmnrkahlc.  That  oxjffcn  or  nitrogen  gas  should  stand  in  a 
po-sition  iutermedintc  Iretween  the  magnetic  and  dinmngnetie 
classes ;  that  it  should  occupy  the  place  which  no  aoltd  or  liquid 
clement  can  take  ;  that  it  should  show  no  change  in  its  relations 
by  rarefaction  to  any  possible  degree,  or  even  when  the  spuccit 
occupies  passes  into  a  vacuum ;  that  it  should  be  the  same  mag- 
ncticnlly  with  any  other  gas  or  vapour ;  that  it  should  not  take 
its  place  at  one  end  hut  in  the  rcTy  middle  of  the  great  series  of 
b<Kliea  ;  and  that  all  gaacs  or  vapours  should  be  alike,  from  the 
rarest  state  of  hydrogen  to  the  densest  state  of  carbonic  acid, 
sulphurous  acid,  or  aether  raponr,  arc  points  so  striking,  as  to 
persuade  one  at  once  that  air  must  have  a  great  and  perhaps  an 
active  part  to  play  in  the  physical  and  terrestrial  arrangement  of 
maguetie  forces. 

2433.  At  one  time  I  looked  to  air  and  gasca  as  the  bodies 
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vhidi,  ftllowinf  attenuation  of  their  substance  vrithont  adrfitioo, 
Tould  permit  of  tbo  observation  of  correspondiog  TRriationa  in 

.their  magnetic  properties;  bat  noir  all  such  power  by  rarcfac- 

'lion  appcara  to  be  taken  away;  and  tJiuugb  it  i>  easy  to  prepare 
a  Uqaid  medium  irhich  shall  act  with  otbcr  bodies  as  air  doea 
{S4^3.),  still  it  i»  not  truly  in  the  same  relation  to  them;  neither 
docs  it  allow  of  dilution,  For  to  add  water  or  any  such  suhstanoc 
u  to  odd  to  the  diamagnetie  power  of  tho  litjuid  ;  and  if  it  vere 

.pouililc  to  convert  it  into  vapour  and  bo  dilute  it  by  heat,  it 
vonld  pa«8  into  tbc  cla»  of  gasc»  and  be  magnetically  undistiu- 
^ishafalc  from  the  rent. 

2434.  It  is  also  very  rctnarkablc  to  oheerrc  the  apparent  dis- 
appcamneeof  ma^nictic  condition  and  cfl'cct  when  bodies  assume 
the  vaporous  or  gaseous  state,  eomparing  it  at  the  same  limo 
with  the  aimilar  relation  to  light ;  for  aa  yet  no  gas  or  vapour 
lias  been  made  to  show  any  magnetic  influence  over  the  po- 
larized ray,  even  by  the  uac  of  powers  far  more  than  enough 
to  manifest  auoh  action  freely  in  liquid  and  solid  bodies, 

fl'Uia.  ^Vlietbcr  the  negative  results  obtained  by  the  use  of 

i'^aaes  and  vaponrs  depend  upon  the  smaller  quantity  of  ro.-ilter 
in  a  pTcn  volume,  or  whether  they  arc  direct  consequences  of 
the  altered  physical  condition  of  the  suhstanee,  is  a  point  of  very 
great  importance  to  the  theory  of  inaKU^ism.  I  havcimu^tued, 
in  elncidation  of  the  subject,  an  oxpcrimcnt  witli  one  of  M. 
Cagniard  de  la  Tour's  letfacr  tul)e8,  but  csjicct  to  find  |^at 
difficulty  in  caiTving  it  into  execution,  chiefly  on  aecount  of  the 
strcn(;th,  and  tliercibrc  the  mass  of  the  tube  necessary  to  resist 
tbc  expansion  of  the  imprisoned  heated  tether. 

2-130.  The  remarkable  condition  of  air  and  its  relation  to 
bodies  taken  from  the  magnetic  and  the  diamagnetic  clasacs, 
ciiues  it  to  point  eqiiatorially  in  tlie  former  and  axially  in  the 
Utter.  Or,  if  the  experiment  preseuta  its  reault-s  under  the  form 
of  attraction  and  repulsion,  the  air  moves  as  if  repelled  iiiamag- 
nctic  medium  and  attracted  in  a  medium  from  the  diamagnctio 
class.  Hence  it  seems  as  if  the  air  were  magnetic  when  eora- 
purd  with  diiimagnctic  lx)dies,  and  of  the  latter  claas  when 
compared  to  magnetic  bodies. 

2-437.  This  result  I  have  considered  as  explained  by  the  na- 
sumption  that  bismuth  luid  its  congeners  arc  absolutely  repelled 
by  rtie  magnetic  poles,  and  would,  if  there  were  nothing  else 
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concerned  in  the  phteiiomeDon  than  the  magnet  nnd  the  Iiisniutli, 
be  equally  repelled.  So  also  witU  the  iron  and  ita  similars,  the 
attraction  baa  been  aaeumcd  as  a  direct  result  uf  the  muhial  ac- 
tion of  them  and  the  magnets;  further,  thoao  actions  have  Iwcn 
ndmittcd  as  sufficient  to  necotmt  for  the  (lutntinfr  uf  the  nir  Iwth 
axiallr  and  equatorially,  sa  tAno  for  ibt  apparent  attraction  and 
rcpuUioii;  the  effect  iu  these  eases  being  considered  a»  due  to 
the  travelling  of  the  mr  to  thojw  pcjsitions  irhich  the  magnetic 
or  dinmagnetic  bodirs  tended  to  leave. 

^f3H.  The  effects  irith  air  are,  however,  in  those  results  pre- 
cisely the  name  as  those  which  were  obtained  with  the  Kolutions 
of  inin  of  variouM  strength  (2.'J(i5.) ,  where  all  the  bodirs  belonged 
to  the  magnetic  class,  and  where  the  cfieet  waHcridentlr  ilne  to 
the  gi'Cftter  or  smaller  degree  of  magnetic  power  poMc^sed  by 
the  Kolutious.     A  weak  solntion  in  a  stronger  pointed  equa- 
toriully  and  was  repelled  like  a  dianj agnetic,  not  because  it  did 
not  tend  by  attrBCticin  to  an  axial  position,  but  because  it  tiindcd 
to  th.it  poiiitiou  with  less  force  thiui  the  mutter  nrouud  it ;  so  the 
question  will  enter  the  mind,  whether  the  diamagnctics,  when  in 
air,  are  repelled  and  lend  to  the  ei|uat(irial  poRition  for  any  other 
rcaiiou,  than  that  the  air  is  more  niagnctie  tliaii  they  arc,  and 
tends  to  occupy  the  axial  space.     It  ta  Ciwy  to  perceive  that  if  all 
bodies  were  magnetic  iu  different  degrees,  furming  one  great 
scricH  from  cud  to  end,  with  air  in  the  middle  of  the  iserira,  the 
effect*  would  take  place  as  they  do  artuaJly  occur.     Any  body 
from  the  middle  part  of  the  series  would  point  e(|iuitoriall7  in 
the  bodies  above  it  and  axially  in  those  beneath  it ;  for  the 
matter  which,  like  bismuth,  goes  from  a  strong  to  a  weak  point 
of  action,  may  do  mj  only  bccauK:  that  Hiibstaiicc^  whieh  is  nl> 
ready  at  the  place  of  weak  action,  tends  to  come  to  the  place 
where  the  action  ia  strong ;  just  ns  iu  electrical  induction  the 
l)odies  bust  fitted  to  carry  on  the  force  are  drawn  into  the 
shortest  line  of  action.     And  so  air  in  watcT,  or  even  under 
mercury,  is,  or  appears  to  be,  drawn  towuxds  the  magnetic  pole. 
2iit9.  l)iit  if  this  were  the  true  view,  and  air  had  such  power 
amongat  other  bodies  as  to  stand  in  the  midst  of  them,  then  one 
would  be  led  to  expect  that  rarefaction  of  the  air  would  affect 
its  place,  rendering  it,  perluuM,  more  diamagnclic,  or  at  all 
eventA  altering  its  situation  in  the  list.     If  such  were  the  case, 
bodies  that  set  cquatori&lly  in  it  in  one  state  of  density,  would. 
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as  it  varied,  diaoge  tlirir  position,  and  at  last  set  Rxinllv :  but 
tliis  tkcy  do  uot  da ;  and  whether  the  rarrfied  air  be  compared 
with  the  magnetic  or  the  diama^ctic  class,  or  even  vritli  dense 
air,  it  keeps  it  place. 

2440.  Such  a  view  also  would  make  mereHpatv;  ma^ctic,  and 
prrrisely  to  lUo  same  dcjpTie  as  air  aJid  gasus.  Now  though  it 
may  \-cry  well  be,  that  space,  air  aud  ga«e»,  have  the  same 
grncral  relation  to  magnetic  force,  it  soems  to  me  a  great  addi- 
tional aMum(>tion  to  su|>posc  that  they  arc  all  absolutely  mag- 
netic, and  in  the  mid«t  of  a  series  of  bodies,  rather  than  to  sup- 
po»e  that  tbey  are  in  a  ooriual  or  xero  state.  For  the  present, 
therefore,  I  incline  to  the  former  rii-w,  and  ronscquently  to  the 
opinion  that  diiimiignctica  have  a  8]iecific  action  autithctii^lly 
distinct  from  ordiuary  mait:nctie  action,  aud  have  thus  pre&cutcd 
us  with  a  tnaj^etic  property  new  to  nur  knowledge. 

2141.  The  amount  of  this  power  in  dtamaguetic  Hubstauccs 
ncema  to  be  rery  small,  when  estimated  by  ita  dynantie  effect, 
hut  the  motion  which  it  can  generate  is  perfaiips  not  the  most 
ecriking  measure  of  itn  force  ;  and  it  ia  probable  that  when  ita 
natorc  is  more  intimately  known  to  \i»,  other  effects  produced  by 
it  and  other  indicators  and  meosnrcs  of  its  powers,  than  those 
so  imperfectly  made  known  in  this  paper,  will  come  to  our 
knowledge ;  and  perhaps  even  new  cluraca  of  phKuumeiia  will 
serve  to  oiuku  it  manifest  aiu\  indicate  its  oixratiou.  It  is 
Tcry  Gthkiuj;  to  ubserre  the  feeble  condition  of  a  helix  when 
aloDO,  and  the  astouishiug  force  which,  in  giving  aud  ns 
onring,  it  manifesta  by  association  with  a  piece  of  soft  iron. 
So  also  here  we  may  hope  for  some  analngoua  development  of 
this  clement  of  power,  so  new  ae  yet  to  our  ex|]Cncncc.  It  can- 
Dot  for  tk  moment  be  supposed,  that,  t>cin^  given  to  natural 
bodiea,  it  is  cither  snpcrtliiona  or  inKufliciuut,  or  unuccCKsary. 
It  doubtless  has  it«  appointed  offiee,  and  that  one  which  relates 
to  the  whole  mass  of  the  globe;  and  it  ia  probably  because  of 
ita  relation  to  the  whole  earth,  that  its  lunouut  ia  nccesaarily  so 
tuiall  (so  to  speak)  in  the  portions  of  matter  which  wo  handle 
and  subject  to  experiment.  And  small  as  it  is,  how  vastly 
greater  ia  this  force,  even  in  dynamic  results,  than  the  mighty 
power  of  gravitation,  for  instance,  which  binds  the  whole  mii- 
Tei«e  together,  wlieu  mauifeated  by  roassca  of  matter  of  equal 
noguitude  I 
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2i48.  With  a  full  conviction  that  the  uses  of  tliis  power  in 
nature  will  be  developed  kereaCtcr,  and  that  they  will  prove,  as 
all  other  natural  results  of  force  do,  not  merely  important  but 
essential,  I  «il[  venture  a  few  hasty  observations. 

H-irVi.  Matter  cannot  thiu  be  aScctcd  by  the  magnetic  forces 
without  being  itself  couccmcd  ld  the  phseiiomcnon,  and  exert- 
ing in  turn  a  due  amount  of  influence  n]>on  the  magnetic  force. 
It  rcqairea  mere  observation  to  he  tatistied  that  when  a  magnet 
is  acting  upon  a  piece  of  soft  iron,  the  iron  Itaclf,  by  the  condi* 
tion  which  its  particles  aasimie,  carries  on  the  force  to  distant 
points,  giving  it  direction  aud  concentration  in  a  manner  most 
Btrikiiig.     So  also  here  the  condition  which  the  partielcs  of  in- 
tervening diamagneties  acquire,  may  he  the  very  condition  which 
carries  on  aud  cauiieii  the  transfer  of  force  through  them.     In 
former  papera  (11(31.  Sec.) '  I  proposed  a  theory  of  electrical  in- 
duction founded  on  the  action  of  contiguous  particles  wttli  which 
I  am  now  oven  more  content  than  at  the  time  of  its  proposition  : 
and  1  then  ventured  to  suggest  that  probably  the  lateral  action 
of  electrical  currents  wltieh  is  equivalent  to  electro-dynamic  or 
magnetic  action,  was  also  conveyed  onwards  in  a  similar  manner 
(lews.  1710.  1729.  1735.).     At  that  time  1  could  discover  no 
peculiar  condition  of  the  intervening  ordiamagnctic  matter;  but 
now  that  we  arc  able  to  distinguish  such  an  action,  so  Uke  in  its 
nature  in  bodies  so  unlike  in  theirs,  and  by  that  so  like  in  cha- 
racter to  the  manner  iu  which  the  magnetic  force  pervades  all 
kinds  of  bodies,  being  at  the  same  time  as  universal  in  its  prc- 
Bcncc  as  it  in  in  its  action  ;  now  that  diamagnctics  are  shown  not 
to  he  indifferent  bodies,  1  feel  still  more  cou6dencciQ  repeating 
the  .same  suggestion,  and  asking  whether  it  may  not  be  by  the 
action  of  the  contiguous  or  next  succeeding  particles  that  the 
magnetic  fora^  is  carried  cmwarda,  and  whether  the  peculiar 
condition  ncquin-d   by  diamagiictira  when   subject  to  ma^ctic 
action,  ia  not  that  condition  by  which  such  propagation  of  the 
force  i«  affected  ? 

2tl-l,  Whichever  view  we  take  of  solid  and  liqnid  fitibstanccs, 
whether  uh  forming  two  lists,  or  one  great  mngnelie  class  (2-124. 
3437.),  it  will  not,  as  far  us  I  can  perceive,  affect  the  question. 
Tbey  arc  all  subject  to  the  inilucuec  of  the  ma^^etic  lines  of 

>  I'liilocKipliicalTnuuaclionB,  U*38,  Part  I. 
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foroc  paasiDg-  through  them,  and  the  virtuiil  dificrcncc  in  pro- 
perty and  character  between  anj  two  substances  token  from 
ditTcKut  places  iu  the  list  (3424.)  will  be  the  »ame;  for  it  ia 
the  difTcreotial  relation  of  the  two  which  goTcros  their  tniitnal 
eSects. 

344£j.  It  is  that  group  which  includes  aifjgasea,  vapours,  and 
^ercn  a  racaum  which  prcacuts  any  difficulty  to  the  miud  ;  but 
here  there  is  such  a  wonderful  change  iu  the  physical  conatitu- 
it)ou  of  the  bodies,  and  such  high  powers  in  some  respcctx  are 
rvetaiued  by  thetn,  whilst  others  seetn  to  vnnuili,  that  ne  might 
almost  expect  some  peculiar  coodition  to  tw  assumed  in  regard 
to  a  power  so  universal  as  the  magnetic  force.     Klcclric  indue- 
lion  being  an  action  through  dittanoc,  is  varied  enough  auiungst 
lid  and  liquid  bodies;  but,  when  it  comes  to  be  exerted  in  air 
gases,  where  it  most  manifestly  exists,  it  is  alike  in  amount 
aJl  (129;2.) ;  neither  doen  it  vary  lu  degree  iu  air  however  rare 
or  dense  it  may  be  (IJJSl.)  ■    ^<**  maguetic  action  may  be  l-ou- 
sidcred  HA  a  mere  function  of  electric  force,  and  if  it  abould  be 
found  to  correspond  with  the  latter  in  this  particular  relation 
Ui  ait,  gasee,  Stc.,  it  would  not  excite  in  my  miud  any  surprikc. 
2-146.  In  reference  tu  the  manner  iu  which  it  ii  possible  for 
:liic  force,  either  static  or  dynamic,  to  he  truusfcrrcd  from 
irttde  to  particle  wlwn  they  are  at  a  distance  from  each  otbcri 
'^r  across  a  Tacuum,  I  hare  ootbing  to  add  to  what  I  hare  said 
before  (1614.  &c.).     The  suppciMiliou  that  such  can  take  place, 
can  present  nothing  startling  to  the  miud  of  those  who  hnvc  en- 
deavoured to  comprehend  the  radiation  auid  the  conduction  of 
he«t  under  one  priuciple  o!  action. 

2447.  When  wc  consider  the  magnetic  condition  of  the  earth 
OA  a  whole,  without  a  reference  to  its  possible  relation  to  the  sun, 
and  reflect  upon  the  enormous  amount  of  diamagnetic  matters 
which,  to  our  knowledge,  forms  its  erust ;  and  when  we  rcmem- 
lH*r  that  magnetic  curves  of  a  certain  amount  of  force  and  uui- 
versal  iu  their  presence,  arc  passing  through  these  matters  aud 
keeping  them  constantly  in  that  state  of  tcnaiou,  aud  therefore 
of  action,  which  1  hope  sueccastully  to  luivc  developed,  Mccanuot 
doubt  but  that  some  great  purpose  of  utUity  to  the  system,  and 
OS  it*  inhabitants,  is  thereby  fulfilled,  which  now  we  shall  have 
the  pleasure  of  searching  out. 
iiiS.  Of  the  substiLuccs  whivh  eouipoac  the  erast  of  the  earth. 
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!>;  far  tlic  greater  portiou  bcloui^  to  the  diama^cttc  claas ;  aud 
thougli  femigiuuua  and  ottiur  mai^etic  matters,  being  more 
eaergrlic  in  llieir  action,  arc  coiitu-'qiieutly  more  sti-ikii)i;iD  their 
phffioomcna,  we  slioulil  be  hasty  iti  assuming  tlmt  thL-rufurL'  tliey 
ovcmilc  imtircly  the  effect  of  thu  former  bodies,  A»  regards 
the  OL-ean,  liike^,  rivers,  aail  the  atiiiosjiliei-t:,  they  nil!  exert 
their  prruliar  cli'ect  almost  uiiinflitcneeil  by  ntiy  magnetic  mat- 
ter io  them  ;  and  as  respecta  the  rocks  and  mountains,  their  dia- 
mn^etic  intluonct?  is  perhaps  grentcr  than  mipht  he  anticipated. 
I  mentioned  that  by  adjiisting  water  and  a  salt  of  iron  together, 
I  obtained  a  solutioa  inactive  iu  air  (2422.) ;  that  is,  hy  a  due 
association  of  the  forces  of  a  body  from  each  class,  water  and  a 
salt  of  iron,  the  magnetic  force  of  the  lattor  was  entirely  coun- 
teraeted  by  the  diama^ictic  force  of  tlic  former,  atid  the  mix- 
ture ims  neither  attractet!  nor  repelled.  To  produce  this  effect, 
it  n:quired  that  more  than  -tS-fi  grains  of  crystalhz;ecl  protoaul- 
photc  of  irou  should  be  added  to  10  cubic  inches  of  water  (for 
these  proportions  gave  a  solution  which  atill  set  cqnatorially),  a 
([nnntity  so  large,  that  I  was  greatly  a&tonished  {>n  observing  the 
power  of  the  water  to  overcome  it.  It  is  not  therefore  at  all 
untikeJy  that  many  of  the:  miuscs  which  form  the  crust  of  this 
our  globe  may  have  au  excess  of  diamaguetic  power  aud  act 
accordiugly. 

24li>.  Though  the  gtmrral  disjiosition  of  the  mngiietic  curves 
H'hieh  jH-'rnjeaCe  aud  Burround  our  glebe  resemble  those  of  a  very 
short  magnet,  aud  therefore  give  Hues  of  force  rapidly  diverging 
in  their  general  form,  yet  tlie  magnitude  of  the  system  pi-cvnnta 
u«  from  obsening  any  diminution  of  their  power  within  small 
limits  ;  so  that  probably  any  attempt  on  the  surface  of  the  earth 
to  ohscrve  the  tendcntiy  of  matter  to  pasa  from  stningcr  to 
■weaker  places  of  action  would  fail.  Theoretically,  however,  and 
at  first  sight,  I  think  a  pouud  of  bismuth  or  of  water,  estimated 
at  the  equator,  where  the  magnetic  needle  doc^  not  dip,  ought  to 
weigh  lesa  when  takeu  iuto  latitudes  where  the  dip  ia  oonsidcr- 
ablo;  wbiUt  a  pound  of  iron,  nickel  or  cobalt,  ought,  under  the 
same  change  of  circumstances,  to  weigh  more.  If  such  sLuuhl 
really  prove  to  be  the  cane,  then  a  ball  of  iron  aud  another  of 
bismuth,  attached  to  the  cuds  of  a  delicate  balance  beam,  ahould 
cause  that  beam  to  take  different  incUnatious  on  ditfcrent  parts 
of  the  surface  of  the  earth ;  and  it  does  not  seem  quite  impossible 
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that  an  iiutriiment  to  ineaaure  one  of  the  couditioDs  of  terres- 
trial msgnciic  force  might  be  constructed  uu  eucb  a  principle. 

24r>0.  If  one  luifrlit  speculate  upon  the  effect  of  the  whole 
•yicm  of  ciine*  mxm  very  large  masses,  und  these  maasea  were 
in  plates  or  hng»,  then  ttte;  iroulri,  aeconling  to  uualoicy  with 
the  magnetic  fichi,  (ilaec  thcm»clrea  equatoriallv'.  If  Saturn 
were  »  lun^iot  si?  Ilic  earth  is,  and  his  ring  composed  u(  din- 
maf^netic  substances,  the  tendency  of  the  magnetic  forL-es  would 
he  to  place  it  in  the  poBltion  which  it  actually  bus. 

3  Idl.  It  is  a  curioUK  sight  to  sec  u  piece  of  wood,  or  of  beef, 
or  &Q  apple,  or  a  bottle  of  water  repvlted  by  n  magnet,  or  taking 
the  leaf  of  a  tree  and  hanging  it  up  between  the  poUii,  to  obscne 
it  take  an  eqitatnrial  patitiiiii.  Whether  any  similar  c0ectR  oc- 
cur in  natnre  among  the  myriatls  of  fonnii  which,  upon  all  parta 
ofits  snrfaccarr  surrounded  by  tur,and  arcsubjocled  to  the  action 
of  lines  of  magnetic  force,  is  a  question  which  can  only  be  aii- 
swercil  l>y  future  obscrration. 

H-iSy.  Of  the  interior  of  the  earth  wc  know  nothing,  bnt  there 
arenuinyroaaonii  for  believing  thai  itisofaliigh  temperature.  On 
tliis  auppodition  I  have  recently  remarked,  that  at  a  certain  di- 
•itanee  Cnora  the  surfacx'  downwards,  magnetic  ttubslajices  miut  be 
entirely  dc»litutc,  either  of  the  power  of  retaining  magnetism,  or 
becoming  magnetic  by  induction  from  currents  in  the  crust  or 
otbferwist'.  This  is  CTidentiy  sn  error;  that  the  iron,  &c.  can 
retain  no  niaguctic  eoudition  of  it«lf,  is  very  probably  true,  but 
that  the  magnetic  metals  and  all  their  compounds  retain  a 
certuin  power  of  becoming  magnetic  by  induction,  whatever 
tbcir  temperature,  has  now  been  proved  (2344.  &c,).  The 
deep  magnetic  contents  of  the  earth,  therefore,  though  they  pro- 
bably do  not  constitute  of  themseh'cs  a  central  magnet,  are  just 
in  the  condition  to  act  as  a  very  wfMik  iron  core  to  the  enrrenta 
around  tliem,  or  other  iniliieing  actions,  and  very  likely  are 
bigiily  important  in  this  n'spect.  What  tlic  cHcet  of  the  dia- 
Bignotic  port  may  be  under  the  inHueucc  of  ouch  inductive 
forces,  we  arc  not  prepun-d  to  state ;  but  as  far  as  I  have  been 
able  to  obsenre,  ituch  bodies  bnTC  not  their  power  diminiithcd  hf 
licKt  (3397.). 

2453.  If  the  snn  h«Te  anything  to  be  with  the  magnetism  of 
the  globe,  then  it  is  probable  that  part  of  its  tfl'cet  in  due  to  the 

'  PbilMuiiiucul  UftKaiinio,  1840,  voL  sxvii.  p.  3. 
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action  of  the  light  that  conrcs  to  os  from  it ;  and  in  that  expec- 
tation the  air  teems  most  stnkingly  placed  rouad  oar  sphere, 
inventing  it  with  a  transpare'iit  diamagnctic,  vrliich  therefore, 
is  permeahle  to  hia  rsya,  and  at  the  same  time  moving  irith 
great  velocity  acroM  thrm.  Soch  conditions  seem  to  suggest 
the  poRsibilitT  of  ma^etinm  bring  there  generated  ;  but  I  shall 
do  better  to  refrain  from  giring  expression  to  these  vogue 
thoughts  (though  tber  will  press  in  upon  the  mind),  and  fint 
Kubmitting  them  to  rigid  investigation  by  experiment,  if  they 
proTe  worthy^  then  present  tliem  hereafter  to  the  Koyal  Society. 

ttoi/al  fftMtitutioH, 
Dec.  22,  l^a. 


Feb.  i,  I84€. — I  add  the  following  notes  and  references  to 
theec  Researches. 

Dni^ansfiist ol«eiTed the ropulaion  of  btjanuih  by  n  nuif^E^  in  177^.  An- 
ton  a  Srvynumt  Majrmriitmu*  te»  tfr  affin^titAu*  ntogttttitit  obtaxotionu  magttt- 
tiftr.    \m^.  Ilfttav.  1778,  {  41. 

M.  lit  liutLfoD  tiie  B«|iiilnaa  of  a  Ma^et  fay  lUsmntli  uid  Antimany, 
nuUelin  faivcrtol,  1827,  TOl.  tii,  p.  371 ;  toI.  Yiii.  pp.  ^.  yl,  W. 

Ssigoy  on  the  Ma^etum  orcertun  natanl  comUnations  of  Iron,  mod  on 
the  natua]  repubiona  of  Bodie*  in  g«MM].  Ibid.  It^^  \-ol.  ix.  pp.  80,  107, 
2S0. 

Sii^Wk  041  tho  Bfs^Drtie  Polarity  of  dificmt  M^talSj  Alloys  and  Oxtdw. 
Ibid.  \A-i»,  ToL  iz.  p.  17e. 
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TWENTY-SECOXD  SKRIES'. 


§  28.  On  the  CrystalUne  polerilj/  of  bUmuth  {and  otfur  hodift), 
and  on  il*  relation  to  the  maifMetic  /arm  of  forcr.  ^  i.  Crp. 
atailine  polarity  of  bitmuth.  %  \\.  CrystnJtine  jroiarity  of  an- 
timony.    ^  iii.  CnfttttUtM  polarity  of  arsenic. 

RecemA  Octoljer  4,— R««d  Deeefflber  7,  ISiS. 

245-]'.  Many   rc«iilUi   obtained    by  subjcctiog   bismuth  to  the 
(.•ctioQ  of  the  mi^et  have  at  rarious  tiraw  cmbamwscd  mc,  and 

have  either  been  eontontcd  with  nn  iniperfcet  explnii.ition,  or 
have  te/t  them  for  a  future  examination :  that  ex.iiii!iiation  I 
have  now  tsken  op,  ami  it  has  led  to  the  discorcry  of  the  follow- 
in^  results.  I  cannot,  however,  better  enter  npon  the  subject 
than  by  a  brief  description  of  thcanoraalics  which  occurred, 
and  whirli  uiny  he  obt^ned  at  pleasure. 

'24^b.  If  a  small  open  glass  tube  have  a  bulb  formed  in  its 
middle  jiort  and  some  clean  good  biHtnuth  l>e  placed  in  the  bulb 
and  melted  by  a  spirit-lamp,  it  i«  ttasy  afterward,  by  tiiniing 
the  metal  into  the  tubul:ir  part  of  the  arraiigenit-iit,  to  euMt  it 
into  loug  cylindera  ;  these  arc  very  clean,  and  when  broken  are 
seen  to  lie  crystallized,  usually  gt>iiig  cleavage  plane?,  which 
nin  ncrosa  the  metal.  I  prepare  them  from  O'Ud  to  0*1  of  an 
inch  in  diameter,  and,  if  the  glass  be  thin,  usually  break  both  it 
and  the  bisrauth  together,  and  then  keep  the  little  cj'linders  in 
tfaeir  vitrcouH  cases. 

2456.  Taking  some  of  these  cyUndcrs  at  random  and  suspend- 
ing tbrm  horizoDtally  between  tlic  polri»  of  the  electro- uingnct 
(2S47.),  they  presented  tbc  following  phenomena.  The  tmt 
pointed  axially;  the  second,  oquatorially;  tbc  third,  ei|tiatorial 
in  one  position,  and  obliquely  equatorial  if  turned  round  on  its 
ana  5(f  or  6Cf ;  the  fourlh^equatorially  ami  asially  under  the 
•arai:  treatment ;  and  all  of  them,  If  enspcndcd  x"^pciiti>culiirly, 
pointed    well,   vibrating  nbout  a  6uat    fixed  position   which 

■  Fhilosopbkal  l>uu*ct>>oai9, 1849,  p.  1.    Tliv  Uakvriiui  I^cctun!. 
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Beemcd  to  have  no  reference  to  the  form  of  the  cyltudera.  In 
nil  these  caacs  the  bismuth  wan  ntrntiglTiliuma^ctic  (339u.&c.)t 
being  repelled  by  »  single  magnetic  pole,  or  p«»iiig  off  on  either 
side  fi'onn.  the  axial  lino  between  two  poles.  A  tiiniilnr  piece  o£ 
finely  grained  or  granular  bismuth  was,  under  the  same  circum- 
«tancrfi  anrl  at  the  same  time,  afferlod  in  a  pcrfeetly  re-rular 
manner,  taking  up  the  uiiuntorial  pcvtitiou  (2253.),  us  a  Irody 
simply  diamagnotic  ought  to  do.  The  cause  of  these  variations 
W(w  finally  traced  to  the  regularly  crystalline  condition  of  the 
mt^tallic  cylinders. 

^  i.  CrtfStalline polarity  qf6iKmuth. 

%i^7.  Some  bismuth  wa3_eryBtaIli2ed  in  the  usual  manner  by 
melting  it  in  a  eleau  iron  ladle,  allowing  it  partly  to  congeal,  aud 
then  pouring  away  the  iiit4.-rual  fluid  purllou.  Pieces  %o  obtained 
wrrr  then  broken  up  by  cupper  hammers  nnd  toots,  and  groups 
of  the  crystaU  separated,  each  group  or  piece  conaiatiug  ouly  of 
those  cryBtala  w  hieh  were  Bymuiclrieally  arranged,  and  therefore 
likely  to  act  in  one  dircetiuu.  If  nur  part  of  the  fnigmcub  had 
been  in  contact  with  the  iron  ludle,  it  was  cleared  iiway  by  rub- 
bing  on  sandstone  aud  sand-paper.  Ficces  weighing  from  18 
grains  to  UK)  grains  were  tlms  easily  obtained. 

2-158.  The  cicctro-magnct  employed  in  the  first  instance  waa 
that  already  described  (2247.),  having  moveable  termiimtious 
which  supplied  either  eonieal,  round,  or  flatfaeed  ]>ole.s.  That 
the  HuspciiNiuu  of  the  bismuth  might  be  readily  effected  nnd  nn- 
ohjcetioiiiible  a«  to  maguctic  inHurnee,  the  follDwitig  arrangement 
was  generally  adopted.  A  Biuglc  fibre  of  cocoon  »Uk,  fi*om  13 
to  2-1  inches  in  length,  wa-t  attached  to  a  lit  support  ahove,  and 
made  fast  below  to  the  end  of  a  piece  of  fine,  straight,  welUcleaned 
copper  wire,  about  2  inchm  in  Ii-iigth  ;  tlic  lower  end  of  thin  wire 
was  twisted  up  iuto  a  little  head^  aud  then  furnished  witli  a  pellet 
of  cement,  made  by  melting  together  a  portion  of  pure  wliito 
wa.\,  with  nbuut  oue-fuurtli  its  weij:;ht  of  Canada  balsam.  The 
cement  was  soft  enough  to  adhere  by  pressure  to  any  dry  sub- 
Btaoee,  aud  sufBeicntly  hard  tu  sustain  weights  up  to  .100  grains, 
or  even  more.  When  prepared,  the  Hunpeuder  wa.s  subjected  by 
ilsetf  tu  the  action  of  the  maf^uet,  to  ascertain  that  it  was  free 
from  any  tendency  to  point,  or  be  affected  j  without  which  pre- 
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cstttion  DO  confidence  could  be  reposed  iu  the  rr-sults  of  the  ex- 
penmen  ts. 

246d.  A  piece  of  selected  bismuth  (^$57.),  weighing  2S  grains, 
was  hung  up  hctweeu  the  poloi  uf  the  magnet,  and  moved  with 
gnat  freedom.  The  constituent  cubes  were  iwsociaU'd  in  tliC 
usiuil  mauncr,  being  attached  to  each  oUier  chiefly  in  the  hue 
joining:  two  opposite  solid  angles;  and  thL<i  tine  was  in  thegreatest 
k-n^th  of  the  piece.  The  instant  that  tlie  luagia-tic  foree  was  on, 
the  bismuth  vibrated  strongly  abont  a  g!reu  line,  iu  which,  at 
lant,  it  settled  ;  and  ifinoYcd  wit  of  that  position,  it  returned, 
«hen  at  Hbcrtv,  into  it;  pointing  with  considerafjlL-  force,  and 
hiinng  \Xi  greatest  length  axial, 

Z-IW).  Another  piece  was  then  »elccte<l,  having  a  flatter  fonD^ 
which  when  subjected  to  the  magnetic  [xiwtrr,  jHiinted  with  the 
same  facility  and  force,  hot  its  greatest  length  was  iviuatorial : 
still  the  hne  according  to  which  tbc  cubes  tcndt-d  to  niiHociutc 
diametrically,  was,  as  before,  in  the  axial  direction.  Other  pieces 
were  then  taken  of  diflerciit  formn,  or  shaped  into  various  forms 
by  rubbing  them  down  ou  stone,  but  ihey  all  pointed  well;  and 
took  up  a  final  |>osiiion,  which  bad  no  reference  to  the  sliape, 
but  was  muuifeatly  dependent  on  the  cryslnlliuc  coudlttou  of  the 
snbatance. 

2461.  In  nil  these  cflse«  the  bismuth  was  dinmngnetic,  and 
strongly  repelled  by  cither  magnetic  pole,  or  from  the  axial  line. 
It  was  atliTCtcd  only  whilst  ihc  uiugUL-tic  force  was  present.  It 
set  in  a  given  constant  position  perfectly  determinate;  and,  If 
moved,  always  rctumrd  to  it,  unlcus  the  extcut  of  motion  was 
nlinre  ^t,  and  then  the  piece  moved  further  round  and  took  up 
a  new  position  dianietricnlly  opposed  to  the  former,  nhicb  it  then 
retained  with  equal  force,  and  in  the  same  manner.  This  phe* 
nomeuon  is  general  in  all  the  results  1  have  to  refer  to,  and  I 
will  csprc«9  it  by  the  word  cli.imetnLl :— dinmctral  set  or  position. 

24C2.  The  cflcct  occurs  with  a  single  ma^ctic  pole,  and  it  is 
then  striking  to  observe  a  long  piece  of  a  substance,  kd  diamag* 
netic  as  bismuth,  re|>elled,  and  yet  ut  the  same  moment  set 
round  nith  force,  axially  or  end  uu^  ta  u  piece  of  mngnetJc  nub- 
stance  would  do. 

2'U>3.  WhctheJ  the  raagnetie  poles  employed  {2-158.)  arc 
pointed,  round,  or  (latfaced,  still  the  effect  ou  the  bismulb  is  the 
sacue :  nCTCrtlielcsfl,  the  form  of  the  poles  haa  an  important  in* 
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Aucnco  of  a  Bubordinntc  kind;  and  Eomc  forms  are  miich  more 
fitted  for  these  iiivestigatimis  thau  otiicra.  When  puiutctl  poles 
are  employed,  tlic  linca  of  maguctic  force  (2149.)  nipiilly  diverge, 
and  the  force  it«elf  dimini.ilics  iu  iuteusity  to  the  middle  distance 
from  racb  poh\  Hut  wbcn  flat-faced  poles  arc  used,  though  the 
linM  of  power  are  curved  aod  vary  in  intensity  at  and  towards 
the  edges  of  tlie  Hal  faces,  yet  there  in  a  space  at  the  middle  of 
tlie  magnetic  field  where  they  may  bo  cuiisiilered  as  pamllel  to 
the  magnetic  nxcsj  and  of  c(]iial  force  throughout.  If  the  flat 
faces  of  the  pules  he  square  or  circular,  aud  their  distance  apart 
about  tine-lUird  of  their  diameter,  thie  apace  of  uniform  power  is 
of  considerable  extent.  In  my  experience  the  ewitral  or  aiial 
portion  of  the  magnetic  field  is  scn»ihly  weaker  tluiu  the  circum- 
jacent parts  ;  but,  then,  there  is  a  small  scretr-hole  in  tJie  middle 
of  each  pole  face,  for  the  attachment  of  other  forms  of  termi> 
nation. 

34^.  Now  the  law  of  action  of  bismuth,  as  a  dlamagneiie 
body,  is,  that  it  lends  to  go  from  stronger  to  weaker  places  of 
magnetic  force  [2267.  3418.)  ;  hut  as  n  mo^neerystallic  body  it 
ja  subject  to  no  cfi'ect  of  the  kind ;  and  is  as  powerfully  affected 
by  lines  of  e(|ual  force  as  by  any  other.  So  a  piece  of  amor> 
phouB  bismuth,  suspended  in  n  magnetic  field  of  uniform  power, 
Becma  to  have  loak  its  diamagnctic  force  altogether,  and  tends  to 
aainirc  no  motion  but  what  is  duo  to  torsion  of  the  suspending 
fibre,  or  currents  of  air :  but  a  piece  of  regularly  crystallizod 
bismutli  is,  iu  the  same  sittiation,  very  powerfully  aflected  by 
virtue  of  its  mngTiecrystallic  condition. 

24C5.  Ilcuce  tlic  great  value  of  «  magnetic  field  of  uniform 
force ;  and,  if,  bcrcailcr,  in  the  extension  of  these  investigatioiu 
to  bodies  having  only  a  small  degree  of  crystalline  power,  a  per- 
fectly uniform  ticld  should  be  required,  it  could  easily  be  given 
by  making  the  form  of  the  pole  face  somewhat  convex,  and 
rounded  at  the  edges  more  or  less.  The  required  shape  oould 
be  ascertained  by  calculation,  or  perhaps  better  in  practice,  by 
the  use  of  a  little  test  cylinder  of  bismuth  in  the  granulax  or 
amorphous  state,  or  of  phosphorus. 

2kJG.  Iu  addition  to  these  observntions,  it  may  he  remarked, 
that  xmall  crystals,  or  masses  of  crystals,  and  such  as  approach 
in  their  general  .-ihape  to  that  of  a  cube  or  a  sphere,  are  better 
than  large  or  elongated  pieces;  inasmuch,  as  if  there  beirregu- 
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luitiei  in  the  force  of  A  magnetic  field,  such  pieces  are  lesa  \ikc\y 
to  be  affected  by  tbcm. 

2407.  "Wlieu  the  ciyatal  of  biimath  ia  in  a  m^^nctie  field  of 
equal  strcugth,  it  is  equally  affected  whether  it  be  iu  the  middle 
of  the  Gchl  or  close  np  to  one  or  the  other  magnetic  pole ;  i.  e. 
the  number  of  ribratious  in  equal  timrs  appears  to  be  equal. 
Much  care,  however,  i$  re<iuired  iu  cutimatiay  il  by  such  uicaus, 
because,  from  the  occurreuoe  of  two  positions  of  UDBtablc  equili- 
brium iu  the  equatorial  direction,  the  vibrations  in  large  arcs  arc 
much  stover  tliau  thoM  iu  amal)  arcs;  aud  it  h  difliciilt  iu  dtf- 
fcxcnt  cases  to  adjust  them  to  the  same  citcut  uf  rihration. 

S-U>8.  Whether  tlic  bismuth  be  iu  u  field  of  intense  mo^ictic 
force  or  one  of  feeble  powers ;  whether  the  magnetic  i)oli:s  an> 
close  up  to  the  piece,  or  are  opened  out  uuttl  they  are  five  or  six 
inches  or  even  a  foot  asuuder;  whcthifr  the  bismuth  be  in  the 
line  of  maximuni  force,  or  raised  nborc,  or  lowered  beneath  it ; 

t  whether  the  electric  current  be  strong  or  weak,  and  the  mog- 
bctic  force,  therefore,  more  or  less  in  that  respect ;  if  the  bismutli 
be  affected  at  all  it  is  always  afTcctod  iu  the  saoic  mauncr. 
24<t9.  The  results  are,  altogether^  %'ery  different  from  those 
produced  by  diamagnetk  actiou  (2416.).  They  are  oquidly  di> 
Btiuct  from  thoac  dboovcred  aud  described  by  Fliieker,  iu  his 
beautiful  reecarcltcs  into  the  relation  of  the  optic  axis  to  mag- 
uetic  actiou  :  for  there  the  force  is  equatorial,  whereas  hero  it  ia 
axial.  So  they  appctir  to  present  lo  us  a  new  force,  or  a.  new 
form  of  force,  in  the  molecule!)  of  matter,  which,  for  convenience 
sake,  I  will  conventionally  dcHJgiintc  by  a  new  word,  as  the  wajr- 
necrtfataUic  force. 

2170.  The  direction  of  this  force  is,  iu  relation  to  the  mag* 
UctJc  held,  a-xial  and  not  equatorial :  this  Is  proved  by  several 
considerations.  Thus,  when  a  picne  of  regularly  crystallized  bis' 
muth  was  suspended  in  tlic  magnetic  field,  it  pointed  ;  keeping  it 
in  this  position,  the  point  of  susjicnsion  was  removed  ^J^  in  tho 
Ctiuatorial  plane  (2252.),  so  that  when  again  frocJy  suspended, 
the  line  thnmgh  the  cr>'atat,  which  was  before  horizonUd  in  the 
etiUatorial  plane,  was  now  vcrtii-al ;  the  ;«cce  again  pointed,  and 
generally  with  more  force  than  before.  The  liue  passing  through 
the  mstal,  coincident  with  the  magnetic  axis,  may  now  lie  taken 
as  a  hue  of  force  ;  luid  if  tUc  process  of  a  quarter  fcvolut  ion  iu 
the  cqnatorint  phtnc  be  repealed^  however  oft«u,  the  crystal  stiU 
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continues  to  point  with  the  asRumed  line  of  forre  in  the  mag- 
netic axis,  and  with  a  maximum  dejp'eeof  jiower.  But  now,  if  the 
point  ofsuBiitnsion  he  rrninved  00^  in  the  plamr  of  tli«  axis,  i.  e. 
to  the  end  of  the  assunit^  line  of  force,  bo  that  when  the  crjslaJ 
is  again  fre«Iy  «u»[>cndcd  this  Hue  U  vertical ;  then,  the  crjstal 
presents  its  ppoiiliar  eftcct  at  a  mittimnm,  Ivin^  almost  or  en- 
liifly  dmoid  uf  pointing  power,  and  exhibits  in  rijlation  to  the 
magnet,  only  the  ordiuarv  diamagnetic  force  (2+18.). 

2171.  Now  if  the  power  hiid  been  equatorial  and  polar,  its 
maximum  ciTcet  would  not  have  Tmsch  produced  by  a  change  of 
the  point  of  suspension  through  90'  in  the  equatorial  plane,  but 
by  the  ft&me  change  in  the  axial  pluiic,  and  any  similar  ehanj^e 
af^er  that  iu  the  uxinl  plniic,  would  not  La\-e  disturbed  the 
maximum  force ;  whereas  a  single  change  of  Win  the  equa- 
torial phuir,  wouhl  have  bi-ought  the  lino  of  force  rertiail  (as  in 
riiiekcr's  case  of  Iceland  spar),  and  reduced  the  results  tea 
minimum  or  Rero. 

!!il72.  The  directing  force,  therefore,  and  the  set  of  the 
crystal  an:  in  the  (r.rfa/din;rtiati.  This  force  is,  doubtless,  resi- 
dent in  the  particles  of  the  crystal.  It  is  auch,  that  the  crynt-il 
can  set  nith  ei[ual  readiness  and  pentianeucc  in  two  diametral 
poeiiions ;  and  that  between  these  there  are  two  positioue  of 
Pijuatoriyl  cijuiltbrium  whteli  are,  of  course,  uiistaWe  in  th«r 
nature.  Hither  end  of  the  mass  or  of  its  molecules,  is,  to  all 
iutcuts  and  purposes,  both  in  these  phasuomena,  and  in  the  ordi- 
nary results  of  crystalization,  like  tlie  other  cud  ;  and  in  manj- 
caacs,  therefore,  the  worda  axial  and  axialiti/  would  seem  more 
expressive  than  the  words  polar  and  polarity.  In  presenting 
the  ideas  to  my  own  mind,  I  have  fomid  the  meaning  belonging 
to  the  former  word  the  more  useful. 

2473.  On  placing  the  metal  iu  other  positions,  and  therefore 
in  a  eoustruint-d  niiidition,  no  alteration  of  the  state  or  power 
of  the  bismutb,  cither  in  force  or  direction,  is  produced  by  the 
power  of  the  magnet,  however  strong  its  enforeemeut  or  long 
its  continuance. 

2474.  It  is  difficult  readily  to  describe  the  position  of  this 
force  in  relation  to  the  crystol,  though  moat  easy  to  ascertain  it 
experimentally.  The  form  of  the  bismuth  crystuls  is  said  to  be 
that  of  n  CTibe,  and  of  its  primitive  particle  a  regidnr  octolwiron. 
To  me  tJic  crystals  do  nut  seem  tobccubcsj  buteitherrliomboids 
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or  rhombic  priRins,  approaching  very  iiwirly  to  cubea.  My 
aiFOsurcmcuta  were  very  impcrrei.;t  nucl  Mic  cn'staltt  not  regular ; 
but  as  an  average  of  scveraJ  observations,  the  pluiies  were  in- 
clined to  each  other  at  nn^lc*  of  91  \^  and  8tJ^^ ;  and  Ibc  bound' 
ary  liiic«  of  n  plane  at  87^*  aud  92^".  Whatever  be  llie  true 
form,  it  18  matiifcat,  upon  inspection,  that  the  aggregating  force 
tends  to  produce  crj'stnis  buvitijc  mon:  or  less  of  the  rhnmboidal 
shaptt  aud  rhuiobic  plaiies;  and  that  ttit-se  cryntols  rtin  together 
ill  syiumctric  groups,  gcnerully  iu  the  dircctiou  of  their  longest 
dianielers.  Xow  the  line  of  maynecrystaliic  force  almost  always 
coincides  nitb  this  direction  nliL*re  the  latter  is  apparent. 

2475.  The  chaeagt  of  bimuuth  crystals  removes  the  solid 
angles  and  replaces  them  by  planes  ;  so  that  there  arc  four 
directions  producing  tlic  octohedron.  These  cleavages  are  uot 
(in  my  expcricacc)  mode  with  cqaal  facility,  uor  do  they  pro* 
dace  planes  cquully  bright  and  perfect.  Two,  and  wore  fre- 
quently one^  of  these  planes  is  more  perfect  than  the  others; 
and  this,  the  most  perfect  plane,  is  that  which  is  produceil  at 
the  most  acute  solid  angle  (2474.)  ;  aud  is  generally  easily 
recognized.  M'hcn  a  binmutb  crystal  presents  many  planes  of 
clea.Tagc  and  ia  sutpcndcd  iu  the  magnetic  field,  one  of  thcM 
planes  facee  towanU  one  of  the  magnetic  polei*,  und  iti*  eorrc- 
spontiing  pUne,  if  it  be  theroj  towards  the  other;  so  that  lie  line 
of  magnecrystftllio  force  is  pcr|wudicular  to  this  plane:  and  this 
plane  corrcKponds  to  the  one  which  I  have  already  described  as 
licing,  geuerally,  the  most  perfect,  and  replacing  the  acute 
angle  of  the  crystal, 

S-V7G.  A  single  cr^stnl  of  bt»inuth  waa  selected  and  cut  out 
from  tbe  mass  by  copper  tools,  and  the  places  where  it  had 
•dhcrcd  were  nibbed  down  on  sond-paper,  ao  as  tu  give  the 
frafftncnt  a  cubc<like  furm  wltb  six  planes;  four  of  ibese  ptunea 
were  uaturiJ.  One  of  tbe  solid  angles,  expected  to  be  that 
tcnuiuating  or  in  the  direction  of  the  line  of  magnocrystalUc 
force,  was  removed,  so  as  to  expose  a  small  cleavage  plane,  which 
was  bright  and  inTfect,  as  also  was  o.Kjjceted.  When  suspended 
in  the  magnetic  field  with  this  plane  vertical,  the  cryNtal  in- 
atantly  pointed  with  considerable  force,  and  with  the  plane  to- 
wards  either  one  or  the  other  magnetic  pole;  so  that  the  ni:igDC- 
cr\*stallie  axis  ap)>(*arod  now  to  be  horizontal  and  acting  with  its 
gnateet  power.    'When  ttiia  axiul  Uuc  was  mode  vertical,  aud 
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the  plane  tbercfun?  Iioriiontal,  tlie  position  being  carefully  ad- 
justed, the  cr\-8ta)  did  not  point  at  all.  Being  now  suspended 
ill  succesKion  at  all  tlic  aii|;les  nod  fticcs  of  the  cube,  it  ulvTuys 
poiutcd  vith  more  or  less  force;  hut  always  so  that  a  Hue 
dmirn  perpendiculHrly  through  the!  itidJcating  clearage  plane 
(represcnliiig  therefore  the  liuo  of  Ibree)  was  iii  the  sninc  verlieal 
plane  na  tliut  including  the  magnetic  axis;  and,  finally,  when 
till!  bright  cleavage  piano  was  horizontal  and  the  line  oC 
directive  force  therefore  vertical,  iucUuing  it  a  little  in  a  given 
direction  irould  make  any  git'cn  part  uf  the  crrsttd  point  to  the 
magnetic-  jKjlca. 

2-177.  A  group  of  liiHmutb  crystals,  the  apex  of  which  Mas 
terminated  by  a  sioiglc  Binall  cleavage  facet,  was  found  to  givo 
the  same  results, 

Sirs.  Occasionally  groups  of  crystals  (2t67.)  occurred  which 
did  not  seem  capable  of  being  placed  in  some  one  position  in 
which  tliej"  lo&t  all  dirrctivR  power,  hut  seemed  to  retain  a  mini- 
mum de^ee  of  force.  Jt  is  very  unlikely,  however,  that  all  the 
groups  should  be  |x:rfuetly  symm(!tric  in  tlic;  arrangement  of 
their  parts.  It  is  more  surprising  that  tlicy  shonld  be  so 
distinct  in  their  action  as  they  are.  In  reference  to  bismuth, 
and  many  other  bodies,  it  is  probable  that  magnetic  force  will 
give  a  more  important  indication  in  relation  to  the  essential  and 
real  crystalline  structure  of  the  mass  than  its  foi-m  can  do. 

2479.  I  have  already  stated  that  the  magnecnjitallic  furee 
doM  not  manifest  itself  by  attr.iction  or  repulsion,  or,  at  least, 
docs  imt  cause  approach  or  recession,  but  gives  pojiilion  only. 
The  law  of  action  appears  to  be,  that,  tfie  line  or  axis 
of  jiAGSECRvsTALLic  forcc  (bciug  the  resultant  of  the  action 
of  all  the  molecule*), /fnrfff  to  place  iiaelf  parallel,  or  ai  a 
inngent,  to  the  magnetic  curve  or  line  of  magnetic  force,  pamng 
through  the  place  trkere  the  crystal  is  situated. 


S480.  I  now  broke  up  masses  of  bismuth  which  had  been 
melted  and  solidiHed  in  the  ordinary  wav,  and,  Belccting  those 
frngmcutx  which  ajipeared  to  be  most  regularly  erystaltizcd,  sub- 
mitted them  to  experiment.  It  was  almost  impossible  to  take  a 
small  piucc  which  did  not  obey  tbc  magnet  and  point  more  or 
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leu  readily.  By  sclcctiiig  the  thin  plates  vith  perfect  cicartge 
[planes,  1  leadily  obtained  nprcimens  which  correitpondeii  iu  all 
;  K«pcct&  vritb  tlic  crystals ;  hat  thicker  plates  or  angular  (licccs 
cften  prorcd  complicated  iu  the  results,  though  apparently 
timpic  aud  rcf^ulnr  as  to  form.  OccasiODally,  the  clcara;;^ 
pl&uc,  which  I  have  Iieforehand  inken  for  that  perpciiilicular  to 
the  line  of  force  (2175.),  has  proved  not  to  ite  the  pluuc  sup> 
posed  ;  but,  after  ob»crring  cxpcritnciitallT  the  direction  of  tlie 
soagnccfystallic  power,  1  have  always  cither  found,  or  else  ob- 
tained by  cleavage,  a  plane  corrMpouding  to  it,  possessing  the 
appearance  and  character  before  described  (24!'9.)-  Bismuth 
plates  from  the  one-twentieth  to  the  one-tenth  of  an  iiieh  iu 
thicknrs.'!,  and  hounded  by  parallel  and  similar  planes,  when 
broken  up,  often  proved,  upon  ocular  examination,  to  be  com- 
poundcd  and  irregular. 

3481.  AVhcn  a  well-selected  plate  of  bismuth  (mine  are  about 
0*3  of  au  inch  in  length  aud  breadth,  aud  0'05,  more  or  less,  in 
thidtDcas]  is  hung  up  hy  the  edge  in  the  ningnetie  tield,  it  vi- 
brates and  points,  presenting  its  faces  to  llic  mngnctie  pol<s, 
and  setting  diamctmlly  (3-I6I.).  By  « hatorer  part  of  the  edge 
it  is  suspended,  the  ume  reaulta  follow.  But  if  it  he  »usi>cuded 
horiEontally,  the  cleavage  planes  of  the  fragment  and  of  the  mag- 
netic axis  being  parallel  to  the  piano  of  motion  u(  the  plate, 
then  it  is  perfectly  ludiffercut ;  for  then  the  line  of  magnDcrys- 
tallic  force  is  perpeudicular  to  the  line  of  magnetic  force  iu  erery 
poHJtiou  that  it  can  take. 

2182.  Dnt  if  the  plate  be  inclined  only  a  rcry  :<m:dl  qiuintiLy 
from  this  positiou,  it  poiut-'^,  and  that  with  more  force  ub  the 
planes  beeomc  more  nearly  vertical  (3475.) ;  and  the  phienomena 
before  described  with  a  crystal  (24/0.),  can  hero  Ije  obtained 
with  a  fragment  from  n  mass,  and  any  part  of  the  edge  of  tlie 
plate  made  to  point  axially,  by  elevating  or  dcprcsttiug  it  above 
or  helon  the  horizontal  plane. 

2-183.  If  a  number  of  these  crystalline  plates  be  selected  at  the 
magnet,  tliey  may  afterwards  be  built  up  together,  vfith  a  little 
good  cement  (2458.),  into  a  mass  which  has  perfectly  regular 
magnecrystallic  action ;  and  in  that  rcepect  n-scmblca  the  crys- 
tab<  before  spoken  of  (2459.  2468.  2^(76.).  Iu  tiiis  ranuncr, 
also,  the  diemagnetic  cflcct  of  the  bismuth  may  be  neutralized; 
for  il  is  easy  to  build  up  a  prism  whose  breadth  and  thickness 
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are  equal,  aud  this  Wing  Iiiing  with  tlic  lenj^It  vprtical,  points 
well  am!  witlioul  auy  interfLTt'Uc*  of  tliaumgnctic  action. 

2k> t.  By  placiug  three  e[]ual  plates  at  ri^ht  angles  tn  each 
other,  a  system  is  obtained,  which  has  lo»t  alt  power  of  puiutiiig 
under  the  influence  of  the  magnet,  the  force  beiuifr,  in  every 
dircetiou,  neutralized.  This  pcprcscnts  the  ease  of  finely  crys- 
tallized or  amorphous  bismuth.  The  same  result  (having  the 
xamo  nature)  raay  be  obtained  by  taking  a  aclectcd  uuifurm  niasB 
of  crystals  (24.57.),  melting  it  in  a  glass  tube  ami  resolidifying 
it ;  unlcaa  tbccrj'stallization  ia  lar^e  and  distinct,  which  rarely 
bapiicnn,  the  piece  obtained  is  apparently  without  magnecn-s- 
tallic  force.  A  like  result  i«  also  obtained  by  breaking  up  the 
crystal  and  putting  the  small  fragments  nr  powder  into  a  tube, 
and  sulnuittiug  the  wholt;  to  the  force  of  the  magnet, 


2485.  These  experiments  on  bismuth  are  not  diCBcult  of  repe- 
tition ;  for,  except  those  which  require  the  sudden  production 
or  cessation  of  the  magnetic  force,  the  whole  may  be  repeated 
with  im  ordinary  horse-shoe  magnet.  A  magnet  with  which  1 
have  wrought  considcRibly,  coiisiBts  of  seven  burs  placed  side  by 
side,  and  being  fixed  in  a  box  with  the  poles  upwardu,  presenta 
two  magnet  cheeks,  an  inch  and  a  quarter  apart,  between  which 
is  the  magnetic  field,  having  the  lines  of  force  iu  a  horiBontal 
direction.  The  polc»  of  the  maxiut  t^hould  be  covered,  each 
with  paper,  to  prevent  communication  of  particles  of  iron  or 
mat.  The  best  place  for  the  piece  of  bismuth  is,  of  course, 
between  the  poles ;  not  level,  however,  witli  their  tops,  but  from 
0-4  to  10  inch  lower  down  {-iAiMS.).  that  the  effect  of  flat-faccd 
pules  may  lie  obtained.  If  it  be  deaircd  to  strengthen  the  liuca 
of  mngnetic  force,  this  may  be  done  by  introducing:  a  piece  of 
iron  iKtween  the  polc«  of  the  magnpt,  and  so,  by  virtually 
causing  them  to  approach,  lessen  the  width  of  the  magnetic  field 
between  them. 

2-i8(i.  Tlie  magnet  1  used  would  sustain  30  lljs.  at  the 
keeper;  but  employing  small  pieces  of  bismuth,  I  have  caaily 
obtained  the  effects  with  magnets  weighing  thcmsclrc4  not  more 
than  7  ouuccs,  and  able  to  sustain  only  Ti  ounces;  so  that  the 
experiments  are  within  the  reach  of  every  one. 
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3487.  Whilst  the  ciystal  of  bismuth  U  in  the  magnetic  field, 
it  IB  affccti!d  veiy  distinctly,  and  eren  strongly,  by  the  near  ap- 
prosiniatiuu  of  soft  iron  or  magnets,  and  after  the  foUowiug' 
manner.     Let  fig.  1  represent  in  Fig,  I. 

plan  the  positionof  the  tiro  chief 
magnetic  poles,  and  of  a  piece 
of  crrstalliaed  bismuth  between 
them,  which,  by  its  miipiecry*- 
tallie  condition,  points  axinlly. 
Then,  if  a  piece  of  soft  iron  be 
applied  against  the  check  uf  the 

ale,  as  at  f,  and  nUo  near  to  the  bismuth,  aa  at  a,  it  wilt  nfTcct  the 

Ktter  and  cause  it»  appn>n<>h  to  the  iron.     If  the  iron  be  ap- 
plied in  a  similar  manner  at/,  ff,  or  A,  it  will  hare  a  tike  result 
ciuising  motion  of  the  bismnlh  ;  and  the  parts  markod  b,  c, 

id  rf,  will  in  tnrn  approach  it,  seeniiiig  to  h«  aiLracted.     If 
the  soft  iron  do  not  tonch  the  magnetic  pole,    bnt  he  held 
^itctwcCD  it  and  the  bismuth  to  as  to  represent  generally  the 

ime  positions,  the  same  effects,  but  in  a  weaker  degree,  arc 
produced. 

2488.  Though  these  motions  seem  to  indicate  an  effect  of 
attraction,  1  do  not  lirlievc  thera  to  be  due  to  any  such  caime, 

it  simply  to  tlic  iuflnenee  of  the  law  of  action  (2-1-79.)  before 
^txprcMcd.  The  preriously  nniform  condition  of  the  moRnctio 
field  is  di^Rtroyed  by  the  presence  of  the  iron  ;  lines  of  magnctia 
forre,  of  greater  intt-nsily  than  ttie  otlicrs,  proceed  from  the 
angle  a  of  tlic  iron  in  the  position  it;preseutetl,  or  from  the  cor- 
rrspondiug  angles  in  the  other  positions  (the  shnpc  of  tite  pole 
now  approximating  more  or  less  to  the  conical  or  pointed  form), 
and  therelbrc  the  crj'stal  of  bi^innth  movett  round  on  the  axix  of 
siujieDsioD,  that  it  may  place  the  line  of  magnecrvHtaltic  force 

iratlcl  or  hs  a  tangent  to  the  rcniltant  of  the  magnetic  forcca 

rhicli  pa»i  through  its  ma«». 
2-ISO.  When  in  place  of  the  group  of  cryittnls  a  cmtalhne 


.plate  of  bismuth  (!i4Kl.)  is  em- 
iployed,  the  nppflarances  pro- 
duced under  similar  circum* 
•taneCR,  are  thc»c  iip  rrpuhion  i 
for  if  fig.  2  l)C  allowed  to  re- 
ppc«cut  tliis  state  of  things,  the 
piece  of  iron  applied  at*-  causes 
the  plate  to  recede  from  it  at 


Fljf.  2. 
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u,  or  if  applied  at/,  g,  or  h,  xi  causes  recession  of  tlic  bismuth 
from  it  at  the  poiuts  b,  c,  and  tt.  Now  though  tUrae  cBccts 
look  hkc  rcpuUiou,  they  arc,  as  1  conclude,  nothing  more 
than  the  con&cqucnoo*  r>i  the  endeavour  which  the  bismuth 
makes  under  the  law  before  expressed  (2479.)^  to  place  the  mag- 
nocrystallic  line  of  forts*  paralld  to,  or  as  a  tangent  to  the 
resultant  of  magnetic  force  pa-vsiiig  through  the  biatnutb. 

^iUO.  A  picor  of  iron  wire  about  1}  iuch  loDg,-aml  0*1  or  02 
of  an  inch  tliick,  heiiig  licld  in  the  equatorial  plane  to  the  edge 
of  the  plate    (fig.  3),    did    not  Kg.  3. 

alter  its  position;  but  if  the 
end  e  were  inclined  to  cither 
polcj  the  plate  began  to  move, 
and  movod  most  when  the 
iron  touched  the  polo  n3  in  the 
figure.  When  it  approached 
or  touched  tlie  N  pole,  the  in* 
clination  of  the  crjratat  jitate  of 
bismuth    was   us    indicated   bj 

the  dotted  itgurc.  When  it  touched  the  %,  the  inclination  was 
the  contrary  way.  If  the  end  e  were  kept  iti  contact  with  the 
K  pole,  and  tlie  other  end  of  the  soft  iron  rod  placed  in  the 
prwition  w,  the  bismuth  vas  not  affected ;  but  if  then  this  sub- 
sidiary poie  were  moved  the  one  way  or  the  other  towards  the 
edge  of  the  jjlate,  the  latter  turned  aa  t)ic  pole  moved,  alwava 
tending  to  kce|)  its  face  towards  it,  and  evidently  bv  tlio 
tendency  of  the  magueeryataUie  axis  to  place  itself  parallel 
to  the  resultant  (^  magnetic  force  pn-ssiug  through  the 
bismuth.  The  name  rcxulu  were  obtained  with  the  crysta! 
(2-187.)  under  similar  circumslttucLa,  and  (Hirrespondiug  reaulta 
were  obtained  when  the  soft  iron  rod  was  applied  between  the 
S  check  of  the  magnet  and  the  bismuth.  TIm:  like  effecta  wer« 
also  obtained  wiUi  phitt^s  of  arsenic  and  autimonr. 

2'lfll.  When  a  magnet  is  used  instead  of  soft  iron,  eorre- 
spondiug  cfiucts  arc  produced  ;  only  it  must  be  remembered,  that 
if  the  chief  magnet  be  very  powerful,  it  may  often  neutralise, 
and  even  chau|j;c,  the  magnetism  of  the  nmall  approximated 
magnet;  and  this  can  happen  with  the  latter  (as  to  external  in- 
fluence), whilst  in  tlic  maguetie  field,  even  though  when  wilh- 
draivn  it  may  apgiear  1o  remain  unaltered. 

2-1-92.  ThuH,  when  the  plate  of  bismuth  was  suspended  be- 
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tvccu  tlie  clieeks  of  the  liorso-slioe  magnet  (2-IA3.),  5g.  2,  and 

the  north  pole  uf  a  small  magnet  (ilic  blade  of  a  pockct'kiiife) 

ran  ploocd  at  a  or  h,  it  caiuied  reccasiou  uf  the  [lart  of  the  bis- 

lath  near  it,  unci  prcci&clv  for  the  same  rca&ous  as  tItoiH;  that 

when  the  soft  iron  waa  there.     When  the  extra  pole  was 

placed  at  c  or  d,  the  nctiott  was  more  fi-eble  lliau  in  the  former 

'case,  and  conRisted  in  an  approximutiuu  of  that  part  of  the  bis- 
muth to  the  pole.  \a  this  position  of  the  subonliuate  pole 
would  tcrmin>ilc  and  neutralise  certain  of  the  lines  of  maKuetic 
force  proceeding  from  the  south  pole  of  the  horse-shoe  magnet, 
so  the  resultant  uf  the  lines  of  force  passing  through,  the 
bismuth  would  be  changed  in  ilirectioii^  h^og  rendered  oblique 
to  their  former  course,  auil  precisely  in  the  manner  represented 

■  by  the  motion  of  the  bismuili,  iu  its  tendency  to  place  its  line 
of  force  parallel  with  them  in  their  new  position. 

S-193.  An  approximated  south  pole  caused   motions  iu  the 
oontruy  direct  ion. 

!U04h  '\Vhen  the  subordinate  pole  was  applied  to  the  edge  of 
the  plate,  the  little  magnet  being  in  the  cqnatorial  position  {Ag. 

pS),  then  instead  of  being  neutral,  as  the  iron  was,  it  caascd  the 
plate  to  more  iu  a  tangential  direction,  cither  to  the  right  or  the 
leftj  according  as  it  was  either  a  south  or  a  north  |)ole,  just  in- 
as  the  iron  did  when,  by  tncliniogit,  theiipproximnted  end 
QC  a  pole  (3490.).  This  effect  via  shown  in  a  still  more 
striking  degree  by  using  the  crystal  of  bismuth  [!M87.),  because. 

.{rom  its  form  and  position  the  magnetic  curves  most  iitfcctcd  by 

f  the  extra  pole  were  more  included  in  the  bismuth  than  when  the 
plate  was  nsoA. 

2195.  TnnnmeraMe  Tftrintions  of  these  motions  maj  Ijeoaiised, 
and  appearnnccs  of  attmction  or  rrpnisinn,  or  tniigcntiul  action 
be  obtained  ut  pleasure  by  the  urc  of  crpttaU  having  the  mag- 
necryatalUc  axis  corresponding  with  their  length,  or  plates  where 
it  accords  with  their  thickness ;  and  cither  permanent  or  tempo- 
rary Biibsidiary  magnetic  poles.  By  making  the  moveable  pole 
travel  slowly  round  the  bismuth  from  the  neutral  point  m  to  the 
other  neutml  p<iiut  «,  lig.  !i,  a  summary  of  the  whole  can  bcob' 
taincd,  and  it  is  found  that  they  all  n»olve  thomsclvcs  into 
the  general  law  before  ciprcascd  (2-i-rtf.) ;  the  magnccryatallic 
axis  and  the  resultant  of  magnetic  force  pussiug  through  the 
bivmuth,  t<.-nding  to  become  parallel. 

Ueucc  a  small  crystal  or  plate  of  bismuth  (or  arsenic 
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{'I'i'M.))  may  become  a  very  useful  and  im[Mrtaat  indicator  of 
the  direcliou  of  the  liow  of  force  in  a  magnetic  field,  for  at  tite 
same  lime  tliat  it  takes  up  a  position  elioniiig  tlicir  course,  it 
does  not  I>y  its  own  action  tend  scnsiljly  to  disturb  them. 

2497.  Many  of  these  motions  arc  similar  to,  and  have  relation 
with,  those  described  by  Pliicker,  Reich,  and  others,  as  ob- 
tained by  the  action  of  iron  nnd  magnet-*  on  bismuth,  in  its  simple 
diamagnctic  couditi<m.  These  rcsult-i  arc  by  them  and  others  con- 
sidered !Vi  indicating  that  the  bismuth,  ua  I  had  nriginally  sup- 
posed (a  t29.  &c.),  his  really,  in  its  djnmnpnetic  state,  a  mogiictic 
condition  the  reverse  of  that  of  iron.  I  am  not  notiunintcd  with 
all  of  them,  or  with  the  reasoning  thereon  (being  in  the  German 
language) ;  but  such  as  I  am  aware  of,  and  having  rcohtained, 
Accm  to  me  to  bo  simple  results  of  the  law  I  formerly  luld  down 
(3^r>7.  2tl8.),  namely,  that  diamaguctic  bodies  tend  to  proceed 
from  stronger  to  weaker  places  of  magnetic  force  ;  and  give  no 
ailditional  or  other  proof  of  the  assumed  reverse  polarity  of  bis- 
muth than  the  former  cases  of  action  which  I  had  given,  coming 
under  thnt  law. 


2498.  Supposing  that  the  intervening  or  surroundiug  matter 
might,  iu  some  manner,  affect  the  raagnecrystallic  action  of  bis- 
muth and  other  bodies,  I  fixed  the  magnetic  poles  at  a  (;iveu 
dii^tance  (about  two  inohc*)  a&untler,  snspcnded  a  crystal  of  bis- 
muth iu  the  middle  of  the  magnetic  field,  and  observed  it«  vibra- 
tions and  »et.  Then,  without  any  other  change,  I  introduced 
screens  of  biDmuth,  bciug  blocks  about  two  iuehea  square  and 
0"75  of  flu  inch  in  thickness,  between  the  poh-s  and  the  crystal, 
but  1  coidd  not  perceive  that  any  change  iu  the  phieiiomeua  was 
produced  by  their  j»n»encc. 

24D9.  The  bismuth  cri-stal  (2-ir>9.)  was  sui^pcndcd  in  water 
between  the  magnetic  poles  of  the  horse-shoe  mngnet.  It  set 
well  in  accordance  with  the  general  law  (2't79.),and  it  took  five 
revolutions  of  the  torsion  index  at  the  upper  end  of  the  sus- 
pending silk  tilamcut  to  displace  it,  and  cause  it  to  turn  into  the 
diametral  ]>osition.  This  is,  as  well  as  I  eould  observe  the 
results,  the  same  amount  of  torsion  force  required  to  effect  its 
diitplaeemcnt  when  the  cn.'stal  was  placed  in  the  same  position, 
but  surrounded  with  air  only. 

2500.  The  same  bismuth  was  then  suspended  in  a  saturated 


Oct.  1S4B.J    Bitmuth  crtfglallized  in  the  magnetic  field,  97 

•olution  of  protosul  pliate  of  iron  (ndaptcd  us  a  moguetic  medium), 
it  set  as  before  witli  apparently  no  change  of  any  kind ;  and 
rhen  the  torsion  force*  wasi  put  on,  it  Htill  rwjuired  five  turns  of 
iudei,  as  before,  to  caiue  thv  displiicemcut  of  llie  cryatalj 
its  passage  into  the  diametrical  position. 
2501.  Whether  therefore  cryataU  of  biemuth  be  immersed  in 
•ir,  or  water,  or  solution  of  ifulphutc  of  iron,  or  plaeeii  between 
thick  masses  of  bismuth,  if  they  be  subject  to  tlie  Mme  magnetic 
force,  the  magneeryvtallic  force  exerted  by  them  is  the  same  both 
nature,  direction  and  amount. 


2503.  It  Bccmed  possible  and  probable  that  magnetic  force 

might  affect  thccrj-stollixatiouof  bismuth,  if  not  of  other  bodies. 

'For,  »»  the  force  affects  the  mass  of  n  crj-stal  by  that  power 
which  its  partiehw  poMcss,  and  irhich  thny  give  to  the  crystal 
■a  a  whole  by  tbeir  polar  (or  axial  (3472.)]  and  Hymmctric  eon- 
ditioo;  and,  as  the  final  position  of  the  crystalline  mass  in  the 
magnetic  tiold  may  be  coueidercd  as  that  of  the  least  eousiraiDt, 
■o  it  was  likely  enough  th»t,  if  ihe  bismuth  in  n  fluid  stnte  were 
placed  under  the  influence  of  the  magnetism,  the  individual 
particles  wotdd  tend  to  aanime  one  and  the  same  axial  condition, 

iimd  the  cr)*stalline    arrangement    and  direction  of  the  mass 
Ipon  its  solidification,  be  iu  some  degree  determined  and  under 

'  goremment. 

25U3.  Some  bismuth,  therefore,  was  fused  iu  a  glass  tube  and 
hold  in  a  fixed  pmitinn  in  the  strong  magnetic  field  until  it  had 
become  solid ;  then,  being  removed  from  the  gla.09,  it  wan  sus> 
ponded  M)  that  it  might  assume  the  same  ponition  under  the  in- 
fluence of  the  magnet ;  but  no  signs  of  magneeryttallic  force 
were  evident.     It  was  not  expected  that  the  whole  would  become 
ref^l&rly  crystallized,  but  that  a  difftrence  between  one  direc- 
tion and  another  might  appear.     Nothing  of  the  kind  however 
occurred,  whatei'cr  the  direction  in  which  the  piece  was  sua- 
peodcd;    and  when    it    waa    broken   open,  the   cryBtnlliaation 
within  was  found  to  be  small,  confused,  and  in  all  directions. 
Perhaps  if  longer  time  were  allowed,  and  a  pernianeut  magnet 
u*c<lj  II  belter  result  might  be  ohtaiiird.     1  liad  bniJt  many 
hopes  npon  tlie  procese,  in  reference  to  the  crystalline  condition 
VOL.  III.  a 
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of  f;i;old,  silver,  platiua,  and  the  mctalu  gcDcrally,  and  also  iu 
reapect  of  oUier  bodies. 


3604.  I  cannut  fittd  that  rrrsialfi  uf  Iiismutb  Hcqmre  uiy 
power,  citbci-  tctDjwrary  or  [jcnaaiiimt,  wliicli  tbcy  c»u  bring 
away  from  ttic  imi(f actio  fieW.  I  Iwlil  cr}"stal3  ia  diflercut  posi- 
tions  in  the  tick!  of  inteiiiie  at^iuii  of  a  puwcrful  L-k-ctro-inzguet, 
having  conical  tenuiuatious  vt-ry  uear  to  vach  oUiur  ;  andj  nfter 
BoiDC  time,  removed  them  and  applied  them  iusUutly  to  a  very 
delicate  astatic  ma^^uclii:  u(.'t;d]e ;  but  I  cuutd  not  jierccire  that 
thi^  had  tUc  leant  cxtru  c&c-ct  upou  it,  because  of  such  treatment. 

3505.  Ai  a  crptal  of  bismuth  is  suliiect  to,  and  obeys  the 
influence  of,  the  lines  uf  magnede  force  (2479.),  tio  it  follows 
that  it  ought  to  obey  even  tlie  earth's  action,  and  point,  though 
with  a  very  feeble  degree  of  power.  I  have  euspendod  u  good 
cryital  by  a  long  filament  of  cocoon  silk,  oud  sheltered  it  as  well 
as  I  could  from  currents  of  air  by  eooceutric  glass  tubes,  and  I 
thiuk  have  ob&ervoci  iudicatians  of  a  set  or  pointlug.  The  ciy- 
•ta)  wan  tio  huug  tlutt  the  magnccrj'Htallic  axis  made  the  same 
angle  with  the  hoiizoutal  plane  (about  7if)  aa  the  magnetic  dip, 
and  the  indicatioii  was,  that  the  axis  and  the  dip  tended  to  coin- 
cide ;  but  the  cxpcrimcntii  require  careful  repetition. 

2506.  A  more  importaut  point,  as  to  the  uaturc  of  the  polar 
or  axial  forees  of  bbmiith,  is  to  know  whether  two  crystals,  tw 
uniformly  eryiitallizcil  masiirs  of  bismuth,  can  mutually  affect 
caeh  other  ;  and  if  ao,  what  the  lutttrc  of  these  affectioiu  arc  P 
what  is  the  relation  of  the  e<iuatoriul  and  terminal  parts  ?aud 
what  the  dijcctiou  of  the  forecs  ?  I  have  made  maoy  cipcn- 
ments,  in  relation  to  thix  suI^ocC,  both  in  and  out  of  the  mag- 
netic field,  but  obtained  ou]y  negative  results.  I  employed  how- 
ever small  massca  of  bismuth,  aud  it  is  my  purpose  to  repeat 
and  extend  them  at  a  more  coQvcuieii.t  aeasou  with  larger  masses, 
built  up,  if  neo&isary,  iu  the  manner  already  dosoribcd  (2483.). 

250r.  I  need  hardly  sny  that  a  crystal  of  biHrnuth  ought  to 
poiut  in  a  helix  or  ring  of  wire  carrying  tui  electric  ourreut,  and 
so  that  its  maguecrystuUie  axis  should  be  parallel  to  the  axis  of 
the  ring  or  hcLii.    This  I  tind  cxporimon tally  to  be  the  case. 
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%  ii.  Cryttaitmt  Polarity  of  Aniimony. 
390B.  A»timoM^  »  ■  im^nter$»teUie  bodj.  Some  crrst&lline 
MMCi,  procored  in  Uu>  tnanuer  beCore  describod  (3457.),  were 
broken  ap  with  copper  tools,  and  Bome  exoelleut  gK>U[»(  of  cry- 
sialx  were  obtuDcd,  wcigliiDg  from  ten  to  twenty  grams  cacb,  in 
vludi  all  the  couBtiloctit  crystals  apprared  to  be  uoiformly 
Hic  iudiTidiul  cryfttaU  were  wry  ^hmI  on  tht:  wiiolc, 
aad  mucb  niore  freqacntly  complete  and  full  at  the  fucea  tlinn 
those  of  tMsniUi.  Tbey  were  very  Imght,  having  a  atecl-grav  or 
ailnry  appeanuice,  and  to  rhc  K\e  appeared  more  surely  as  cubea 
fatiaiutfa,  though  here  uud  there  distiactly  riiombuidal  fucea 
tbetnsclvcs.  Planes  of  ukoTa^'  cau  be  mode  to  rc- 
the  Mlid  angles  ;  and,  m  with  biMnuthj  there  ia  oue  plane 
oendhr  brighter  and  more  poifect  than  the  olhera. 
2500.  la  the  firat  jilaw^  tt  was  ascertained  that  all  these  CTJ- 
■tahi  wen*  diama^etic  and  stroujjly  hi. 

25 10.  In  the  next  H  waa  ascertained,  as  with  hieniutli,  that 
of  tbcm  eihibited  the  magnecrystaUic  pliaenoiueiia  with  con- 
able  power,  showing  tin*  vxisteuce  of  n  line  of  force  (2 170.) : 
which,  wbcu  placed  vertically,  h'fl  the  cryBtul  free  to  inovo  in 
Any  diiectiun  (:M7f>.];  but  wboii  placed  horizoiitatly,  caused  the 
■tal  tu  point,  and  iu  so  doiug  took  up  ilt  own  {KiHitiou  parallel 
to  the  lesultant  uf  niaguetic  force  pasning  through  the  crystal 
(3479.]  •  This  line  proceeded,  as  in  bismuth,  from  one  of  tlio 
•olid  angles  to  the  opposite  one,  and  was  perpendicular  to  the 
bri^t  cleavage  plane  juat  spokun  uf  (2506.). 

2311.  So,  generally,  the  action  uf  the  maguct  njwu  these 
cryatals  was  the  same  as  upon  the  crystuhi  of  bismuth ;  hut  there 
arc  some  iwints  of  variation  which  require  to  he  more  diHtinctly 
stated  and  di»tinguisbcd. 

2>1S.  lu  tlie  first  place,  wltcn  the  niiiguocryetaltic  axis  was 
horisontal,  and  a  certain  crystal  used,  upon  the  evulutiou  of  the 
magnetic  ibrce,  tlic  crystal  went  up  to  its  position  slowly,  and 
pointed,  as  with  a  dead  set.  If  the  crytital  were  moved  from 
this  position  on  cither  side,  it  returned  to  it  at  once  :  tberc  was 
D(j  iribratioD.  Other  crystals  did  the  same  imperfectly;  and 
others  again  made  one  or  perhaps  two  vibmtions,  but  all  ap- 
]peared  as  if  they  were  mnviiig  In  a.  thick  Huld,  and  were,  in  that 
SBSfieat,  utterly  unlike  bismuth^  in  the  freedom  and  mobility 
vitlt  which  it  vibrated  (2459.)  • 

b3 
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2518.  In  the  nest  place,  when  tLe  crystals  were  ao  stupcndcd 
a»  to  have  tbc  ina(?nccrystaUic  axis  vertical,  there  wsa  no  point- 
iug  noT  nnj'  other  signs  of  magiiocrj-atnllic  foit'c  ;  hut  other  ap- 
pearances preseuti'd  tlieuisclvcs.  For,  if  the  erystalliue  miiM 
wsa  rcvolviiig  when  the  magnetic  force  was  excited,  it  nuddeuly 
stopped,  niid  nan  caught  in  a  pnxitiiin  n-liich  mif^ht,  as  wiis  found 
hj"  exiicriciice,  he  any  pfjaitioii;  but  if  the  ^rtulcat  length  hm 
out  of  the  nxial  or  cquatoriaJ  pasition,  the  arrett  was  fnllowed  by 
a  rer^alaive  motion  on  the  diBirontinuaiiee  of  the  eleetric  current 
(2315.).  Thin  revniiiive  motion  was  never  jircat,  hut  was  most 
when  the  length  of  the  mass  formed  ahout  an  aitglc  of  -iS*  with 
the  axis  of  the  magnetic  field. 

2511.  On  further  cvamination  it  appeared  that  this  arresting 
and  revulsive  cUcet  wax  precisely  the  same  in  kind  ns  that  ob- 
gened  on  a  former  occasion  unth  copper  and  other  mctala 
(2301).),  and  due  to  the  same  cause,  namely,  the  produetiun  of 
cii'eular  dcetric  currenta  ia  the  metal  under  the  inductive  force 
of  the  mnjfnct.  Kow,  the  reason  appeared  why,  in  the  former 
CUM!,  the  crystals  of  antimony  did  not  oiu^illate  (2512.);  and 
■why,  also,  they  went  up  to  tbeir  |K)siti()n  of  rtst  with  a  dead  »et; 
for  the  currenta  produced  by  the  motion  are  juat  those  which 
tend  to  atop  the  motion  (2320.)';  and  though  the  mHj;ucc-iy- 
Btallic  force  was  sufficient  to  make  the  crystal  more  and  point, 
yet  the  very  motion  so  produced  gfucratcd  the  current  which 
reacted  upon  (he  tendency  to  motion,  and  so  caused  the  mass  to 
ndvaiuse  towards  its  position  of  rest  a»  if  it  moved  in  a  thick  fluid. 
2D15.  ilaving  this  additional  knonlcilge  rcspi-etingthc  arrest 
and  rovulHion  of  the  antiroony,  (effect*  dependent  upon  ita 
superior  euiiductiuf;  power,  in  this  cnmpact  crystalline  »tate,  as 
compared  with  biKniuth,)  ouo  has  no  ilifliculty  in  identifying  the 
niagneerystallic  force  of  thia  metal  with  that  of  the  former,  and 
cstabli^lung  the  conTspondence  of  the  results  in  all  esseutiol 
characters  and  particulars.     In  most  of  the  pieces  of  crystals  of 


'  Any  one  wlio  wiahe*  to  foim  a  unfficicnt  Hen  of  thr  nrrcstinfi  powprs  of 
tlit-Ki  in(lac«il  cumaU,  should  take  a  Jiinip  of  solid  cop^ier,  approacUDf^  to  thil 
Ctibifal  or  ^Inbular  form,  weighing  from  a  qitnrtcr  to  half  a  paitnd ;  ithivuld 
iius|iciid  it  bj-  a  long  tbicftd.  (dvc  it  a  rapid  rutatiitD,  and  tin-n  lutro(Iiif'f>  it. 
Spinning,  into  tlw  ntagnf  tic  fii-til  nf  (he  vlwUO-iiiA^ut;  \v  will  liud  iln  mptinn 
to  be  iuatantly  Moppud;  nnd  if  lio  rurlher  biea  t«  spin  it,  wliiUt  iaUioti«ld| 
will  find  it  imponibte  to  do  no. 


Oct.  18M.]  Ra'ubnve  action  o/  antimony  cryatalt. 
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antimoDy  the  force  seemed  less  tfaau  in  bisoiutb,  but  the  ^ict 
mvy  not  really  be  so,  for  tlie  inductive  current  nctioii  just 
dL'sL-ribcd  tends  to  liide  th«  tnapnecrystallic  pluenomenn. 

25](i.  Differcut  pieces  uf  aiitimuuy  also  Bcem  to  dtOcr  from 

[each  other  in  their  settiug  force,  and  also  in  tbcir  tendency  to 
csliibit  rcviileivc  cffocts:  but  these  differences  are  either  oiilv 
u|ipurt:iit,  or  mav  easily  be  rxplninod,  Tlic  arrrf«tiii^  and  rcriil- 
sire  action  depends  much  upon  the  continuity  of  tbc  masd,  so 
that  one  Ini^c  piece  «1iovr  it  miirb  better  tlinn  several  smnll 
pieces,  and  these  ajjnin  Ix^tter  than  a  powdered  mdMtunce  ]']ren 
the  revulsive  action  of  copper  may  be  entirely  dcatroyctl  by  re- 
duciiii:  the  single  lump  Ut  lilings.  It  is  easy  to  iierceive,  there- 
fore, that  of  two  groups  of  uutiiuuuy  ci7»tuls,  euch  symmetrically 
disposed  within  itself,  the  oue  may  have  larger  crystals  well 
connected  logethcr,  as  rcfjards  iho  iuductiOD  of  ciirreut«  through 
the  whole  Dioss,  and  the  other  smaller  crystals  less  ravotirnlily 
united.  Thcac  would  prcsrut  very  different  nppcaranccs,  as  re- 
gards the  arrest  of  motion  and  succcediug  rcvxilsivo  action; 

'  and  further,  on  that  veiy  account,  would  differ  in  their  rendincM 
to  presmt  the  magnecry stall! c  phenomena,  though  tlicy  might 
possess  precisely  equal  degrees  of  that  forre. 

2517.  On  procpcditig  to  experiment  with  plates  of  antimony, 
further  illustrations  of  the  clfccta  n-sidting  from  the  causes  just 
described  were  obtained,  with  nbondant  ncoompanj-iug  evidenCG 
of  the  existence  of  the  magiieervKtallic  condition  in  the  metal. 
The  plates  were  se'leetud  from  hrokrii  maases,  a»  with  bi»umtk 
(24H0.).  Some  were  soon  found  which  acted  simply,  instantly, 
and   well ;  their  larf;c  surfscca   were  bright  cleavage   plaucs. 

,  When  suspended  by  any  part  of  the  edge,  these  planes  faced 

'towards  the  magnetic  poles ;  and  the  plate  oscillated  ou  each 
side  of  itft  flnal  position,  gradually  acquiring  its  state  of  rest, 

2318.  When  these  plates  were  siis|X'nded  with  thrir  plants 
boTiEontal,  they  had  no  (lower  of  pointing  in  the  magnetic  lie-Id. 
When  they  were  inclined,  the  points  which  were  most  depressed 
below  and  raised  nlwve  the  horizontal  plane,  «ero  those  which 
took  lip  their  plaeeH  nearest  the  magiit'tie  jKiles  (2482.). 

2511).  When  several  plates  were  arranged  l<^cthcr  into  a  con- 
Mstent  bundle  (2-1^3.),  the  ttiamai/nelic  effect  was  removed,  aud 
the  miffnecrystaJlic  oecillutiou  and  pointing  became  ver}'  raady 
a  characteristic. 
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2520.  Thiis  it  is  evident  that,  in  nil  these  esses,  there  was  a 
line  of  magnecrystallic  force  perpendicular  to  the  planes  of  tho 
plates,  and  perfectly  consistent  in  its  poaitinn  and  action  with 
the  force  before  fonnd  in  the  noHd  crystals  of  antimony. 

2521.  But  another  plate  of  antimony  iras  now  selected,  which 
had  every  appcaranec  of  being  nbic  to  present  all  the  phae- 
nomena  of  tUc  furmer  plates;  and  yet,  when  hung  up  by  its 
edge,  it  showed  no  signs  of  magitecrj-Rtallic  resnlte  ;  for  it  first 
adviim-cd  a  little  (2310.),  then  was  arrested  and  kept  in  its 
place,  und  if  standing  between  the  axial  and  equatorial  ponitionn. 
Was  revulBcd  when  the  battery  current  was  intcrroptcd,  exhibit- 
ing efToets  equal  to  those  of  copper  (2315.).  Many  other  pUilcs 
were  tried  witli  precisely  the  same  result. 

2522.  When  this  plate  (2521.)  was  placed  in  the  field  of  in- 
tense power  between  two  cornea/  mngtietie  pnlcs,  it  exhibited 
ibe  same  phicnomcua ;  hut  notwithstanding  the  arresting  action, 
it  moved  slowly  until  it  stood  in  the  equatorial  position ;  a 
result  wliieli  was  proliably  due  to  the  exertion  nf  both  magne- 
crijslaUic  and  tliamagntCtc  force.  When  the  plate  wan  suspended 
■with  ltd  planes  horixontal,  the  arresting  and  rcmlsivc  actions 
were  gone  ;  for  the  indured  currents  which  before  caused  them 
could  not  now  exist  in  the  necessary  Tcrtical  plane ;  further,  it 
had  no  setting  power,  which  showed  that  there  wdji  no  axis  of 
magiieerj'striUie  force  in  the  length  or  breadth  of  the  plates. 

2ri23.  Other  plates  were  tht'n  found  able  to  produce  mixed 
effects,  and  those  in  different  degrees.  Thus,  some,  like  the  first, 
vibrated  freely,  pointed  well,  and  presented  no  indication  of  the 
arrest  and  revulsive  phseuomena.  Others  vibrated  sluggishly, 
set  well,  aud  showed  a  tendency  to  be  arrested.  Others  pointed 
well,  going  up  to  their  place  with  a  dead  set,  but  moving  as  if 
in  a  flnid;  or,  if  the  m.ignctic  force  were  taken  off  Iwforc  the 
piece  had  settled,  it  wns  rcTuUcd  feebly  :  and  others  were  canght 
at  once,  did  not  set  (within  tho  time  of  my  obscTvation),  and 
were  strongly  rcvulsed. 

252-E,  Finally,  a  careful  investigation,  ean'iod  on  by  means 
both  of  the  horse-shoe  (24?(5 .)  and  the  great  electro-magnet 
(2247.),  made  the  cause  of  these  dilTcrcncns  in  the  effects  ap- 
parent. 

2525.  It  may  be  observed,  in  the  first  plnec,  that  sometimes  a 
plate  of  antimony  being  selected  (2o]7.},  baring  planes  voy 


Oct.  1848.]    Cwretiit  inttueeti  in  etyttaU  qf  antimomj. 
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right  and  perfect  in  their  appe&rancej  and,  therefore,  %mn^ 
rcuoD  to  tUnk  that  it  mar  point  veil  in  the  rnkgnctic  Held, 
|Vheo  submitted  to  the  horse-Bboc  magnet  doca  not  do  to ;  but 
riots  obliquely^  feebly,  and  perlutps  in  tvo  uadJAmetral  posi- 
tions.   Tlu»  t»,  I  hare  no  doubt,  beciusc  the  cryataUization  is 
iplicated  and  confitsol.     Siidi  a  platr,  if  it  be  aufficicutly 
and  lotii:  (i.  c.  not  leu  tlian  a  quarter  or  one-third  of  au 
lincb),  vbea  submitted  to  the  elcctro-mo^et,  will  shov  the 
[■rrcwting:  (2310.)  and  rwnlsiTP  (3315.)  action  well. 

252C.  In  the  next  place,  ne.  have  to  remember  that,  for  the 
dcTclopmcnt  of  the  indncctl  current*  which  cause  the  arrenting 
jBod  rcmlaivc  actidn,  tlic  plate  must  have  certain  aufhcicnt 
'dimcnstont  in  a  TCrticoI  [>lanc  (2329.)-  The  currents  occur  in 
the  tnuBS  and  not  roand  the  aeparate  particles  (2329.),  and  tho 
resultant  of  tho  magnetic  linei  of  force  passing  tlirough  thenib- 
■tance,  is  the  axis  niund  which  these  currcut»  arc  produced. 
Ilcuce  the  reason  why  the  effect  docs  not  occur  witli  platci  sna- 
peoded  ill  the  horixontal  poeition,  which  yet  produce  it  well  in 
vertical  position ;  a  rottilt  which  a  disc  half  an  inch  in 
diameter  of  thin  foil  or  plate,  being  copper,  silver,  gold,  tin,  or 
almoat  any  mallcnble  metal,  will  ibow  ;  though  tho  bmt  con- 
docton  arc  the  fittest  for  the  purpose.  Now  thi»  condition  is 
ai  no  cooseqnenoe  in  respect  of  magneerystaUif  action,  and  a 
,  narrow  piste  has  as  much  force  as  a  broad  one,  having  tho  same 
The  first  plate  that  I  happened  to  select  (2S17.)  was  well 
' eryxtallixed,  thick  and  narrow;  hence  it  was  favnnrable  for 
magnecrystallic  action,  uufavont^ble  to  the  arresting  and  revnl- 
sive  action,  and  showed  no  signs,  romparativcly,  of  the  latter. 

SijSr.  When  a  bmad  and  wcU-cryAtallixcd  plate  is  obtained, 
then  both  seta  of  eH'cct8  appear  :  thus,  if  the  plate  i«  rcToliTng 
when  the  magnetic  forre  n  brought  into  action,  it  rjuickcnn  its 
iTlncity  for  an  instant,  th«n  is  stupped :  and  if  the  magnetic 
ibrcc  if  at  onrc  taken  oft",  it  is  revulscd,  exactly  as  a  pit-ce  of 
copper  would  be  (2315.)'  Butif  the  magnetic  force  bccontiniicd, 
it  will  then  Ijc  perceived  that  the  stop  is  only  apparent  j  for  the 
plate  mores,  thotigh  with  ii  greatly  reduced  velocity,  and  con- 
tin  uEs  to  move  until  it  has  taken  up  its  magnccrystallic  position. 
\t  mora  as  if  in  a  thick  fluid.  Hence  the  maKiiecrrstBllic  force 
is  thera  and  produces  itt  fall  effect;  and  the  reason  why  the 
appearances  hare  changed  is,  that  the  very  motion  which  the 
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force  teuds  to  girc,  and  does  give  to  the  mass,  causes  those 
inatjncto-clcctro  currcut*  (2329.)  wliicli  by  tlieir  mutual  nctiun 
with  the  miifr not  tends  tn  stop  the  tntitioii ;  and  tliercfore  its 
bIuwucsh  and  the  final  dead  act  (2512.  252>'}.). 

2G28.  A  Diagnirt  which  is  weaker  {at  the  hone-shoe  mstm- 
mmt  di^Ti))wl  {2t85,)]  produces  the  currents  hy  ludiietioii  in 
a  much  weaker  degree,  and  yet  manifcats  tlic  magneerystalUc 
power  well ;  hence  it  is  more  favourable,  under  certain  circum- 
KtanceH,  for  stich  iuveatigatioiis ;  a»  it  helps  to  distinguish  the 
one  effect  from  the  other, 

S529.  It  will  readily  be  seen  that  platen,  whrthcrof  the-  5amc 
metal  or  of  different  metaU,  cannot,  even  roughly,  be  com- 
pared with  cnch  other  a»tij  magrpcrystal lie  force  l>y  their  vibra- 
tions ;  for  under  the  iufluenee  of  these  induced  currenta,  platen 
of  the  same  luaguccrjstRllic  force  oseillatu  in  very  different 
manners.  1  took  a  plate^  uud  by  cement  (Sil58.)  attaelie4l selected 
paper  to  its  faces,  and  then  observed  how  it  acted  in  the  mag- 
netic 6cld  ;  it  set  slowly,  and  it  showed  the  arresting  and  rcviU- 
sive  effects  (2521.)  I  then  preitsed  it  in  a  mortur,  so  as  to 
hrciik  it  lip  into  many  parts,  which  still  kept  tlieir  place;  and 
now  it  set  more  freely  and  quickly,  and  showed  very  little  of  the 
revulsive  action. 

2530-  Though  the  indication  by  vibration  is  thus  uncertain, 
the  torsion  force  still  remains  to  us,  I  believe,  n  very  accurate 
indication  of  the  strength  of  the  set  (2500.),  and,  therefore,  of 
the  dcg^rce  ofthi:  niiisnecrystallic  furer  ;  and  though  the  snu- 
pending  silk  fibre  may  give  way  a  little,  n  gloss  thread,  accord- 
ing to  Kiteliie's  suggestiou,  would  answer  perfectly. 

2531.  Antimony  must  be  a  good  wmduetor  of  electricitj'  in 
the  direction  of  the  plates  of  the  ery^taU,  or  it  would  not  give, 
so  freely,  thcsi?  indications  of  revid&ive  action.  The  groups  of 
crystals  of  aiitimnny  (2008.)  showed  the  effect  iu  sm-h  a  degree, 
m  to  make  me  thiuk  that  the  constituent  cubes  pussesscd  tlie 
power  nearly  equally  in  all  directions.  A  piece  of  finely  cry- 
stallized or  granular  antimony  does  not,  however,  show  it  in  the 
same  proportion  ;  from  which  it  wmild  seem  as  if  au  effect  enui> 
vatetit  in  some  degree  to  that  of  division  occurs,  either  at  the 
meeting  of  two  incongruous  crystals,  or  between  the  contigiious 
pl»tcs  of  the  erystais,  and  affects  the  conducting  power  iu  these 
directions. 


Oct.  1&48.]  Crifttallinr.  polaritff  of  arsenic. 
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I  iii.  CrysMiine  Polarittf  of  Arsenic. 

2533.  A  mma  of  tbe  metal  arncuic  cxliibiting  clystalline 
rtmcttire  (2480.) ,  was  broken  «p,  and  several  plntM  selected 
from  the  Iraguivuts,  liaviug  gucxl  eleavagt^  pliuiu  Burfaees,  about 
0*3  of  an  iiieh  iu  length,  0*1  luch  in  widtli,  and  0*03  in  thick- 
ness. These,  when  euspeuded  opposite  one  eonical  pole,  proved 
to  tx;  pcrfcctK  iliamagnctir  ;  niid  when  licfow:  tt  or  between  twu 
poles  strongly  magnecryttaUic.  I  faiivc  a  pairof  tiat-faccd  polos 
irith  screw-holes  in  tlie  eentre  of  the  faces,  nnd  these  so  mueh 
iveaken  the  intensity  of  the  )im^  uf  magnetic  Inrce  ahont  the 
middle  of  the  field,  when  the  laces  are  within  half  an  inch  of 
each  other,  that  a  cyltuder  of  granular  bismuth  O'^!  iu  length 
seta  axialiy,  or  from  pole  to  pole  (2384).  But  with  the  plates 
of  anenie  between  the  some  poles  there  was  no  tendency  of  this 
kind  ;  so  much  wns  the  mugnocryslnllie  force  predonunant  over 
the  diama^etie  force  of  the  mib*tanee. 

253.1.  When  the  plates  of  anicnic  ncrc  aiuipcntled  with  their 
plaues  horizontal,  then  they  ilid  not  point  at  all  between  the 
flat-faced  poles.  Any  iuclinution  of  the  planes  of  tbe  horizontal 
line  produced  pointing,  with  more  or  lees  force  as  the  pianos 
approaebcd  more  or  1ms  to  the  vertical  poBilian,  exactly  in  the 
manner  alrcudv  described  iu  relation  to  bismuth  and  autim:Ouy 
(2482.2518.).* 

2534.  Tims,  arsenic  with  bismuth  and  autimouy  arc  found  to 
poaseitK  the  magnocrpitaltic  force  or  condition. 


ftmfal  fnnliiution, 

SeplemUr23,  IH-IS. 
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TWENTY-SECOND  SEEIKS  {cwiiaued)K 

$  S8.  On  the  crytiaUine  poiariiy  qf  biamuth  and  othrr  bodies, 
and  on  it*  relation  to  the  magnelie  and  electric  form  of  farce 
(coHiinutd).  %  iv.  Cryttai/ine  condition  of  variotia  bodies, 
1  V.  Xature  of  the  mognecr\fstttHic  force,  and  general  ob»er~ 
vatiovt. 

BeoeiTed  October  91,— Boftd  Doecmler  7,  ISIS. 

5  iv.  Crystalftite  condition  of  various  bodir*. 

2535.  Znrc. — Plates  of  zinc  broken  ont  of  crystallized  niMiics 
gave  irregular  indications,  and,  being  magnetic  fnnii  the  inipu- 
rity  in  them,  the  effects  luigbt  be  due  entirely  to  that  circiim- 
Rtance.  Pare  nine  waa  thrown  tlowu  electro-chemically  on 
platina  fmm  solutions  of  tUc  rblorule  nnd  tbe  tiiilphntc.  The 
former  occuvred  in  ramifying  dendritic  MsocintioMii  of  small  cry- 
atol ;  tbe  Utter  in  a  compact  dote  form.  Botb  were  free  from 
mngnctic  action  mid  fred_Y  diamagiietic,  but  neither  showed  any 
tmcc  of  the  magnccrrRtaUic  action. 

^536.  Tilanittm^. — Some  good  crystals  of  titanium  obtained 
from  the  bottom  of  an  iron  furnace,  were  clennsed  by  the  alter- 
riatf  tiction  of  acids  and  fluxes  until  as  clear  from  iron  as  1  could 
procure  them.  They  were  bright,  wr]l-f<)rmcil  and  mngnctic 
[2371.],  and  contained  iron,  1  think,  diffused  tbruugli  their  whole 
QUI88,  for  nttromurintic  acid,  by  long  boiling,  continually  re- 
moved titnninio  and  iron  from  them.  These  crystals  bad  a  cor- 
taJQ  magnetic  projierty  wliieli  I  am  inclined  to  refer  to  their 
ciyatalline  eoudition.  AVbeu  between  the  poles  of  the  electro- 
magnet, they  set;  and  when  the  clrrtrir  t-unrnt  was  discon- 
tinued, they  still  set  Ijctwccn  the  poles  of  the  enfeebled  magnet 
aa  ihcT  did  before.  If  left  to  itself,  a  crystal  always  took  the 
tame  position,  showing  that  it  was  constantly  rendered  magnetic 

'  Pliiloaopliicfti  TmnsMtionB.  Irrtft.  p.  10, 

*  For  tbeao  nnd  miuiy  olhM  r-n'^tals  I  am  indebted  \a  Ihc  kiudnciu  of  Sir 
n*iir»  T.  Do  la  Becho  and  Mr.  foniiMt. 
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in  the  same  direction.  Bat  if  a  crratol  vm  placed  and  kept  in 
another  pontioD  between  the  majpietic  poles  whilst  the  cicctric 
cnrrent  was  on,  and  afterwards  thp  current  aiispendcd,  and  then 
Ibc  erywal  set  free,  it  pointed  between  the  polos  of  the  enfeebled 
magnet  in  this  new  direction;  showing  that  the  magnetiiini  was 
in  a  dfiTcrent  direction  in  the  body  of  the  crystal  to  that  which 
it  had  before.  If  now  the  magnet  were  rcinnffomtcd  by  the 
electne  carrcnt,  the  crested  instantlr  epnn  ronnd  and  took  a 
magnetic  state  in  the  fiprt  or  original  direction.  The  errstals 
could  in  fact  become  magnetized  in  any  direction,  hut  there  was 
one  direction  in  wliirh  they  could  be  magoctixed  with  a  facih'ty 
and  force  greater  than  in  any  other.  From  the  appmrancea  T 
am  inclined  to  n^fvr  this  to  the  crystalline  condition,  hut  it  may 
be  dcic  1o  an  irrcfnilar  difTusion  of  iron  in  the  massce  of  tiUnium. 
The  eryntals  were  too  small  for  me  to  make  out  the  point  elonrlv. 

2ii37.  ('i/pi>pr. — T  selerlfd  some  good  cryHtals  of  iiatiTc  cop- 
per, and,  having  careftttly  separated  them  from  the  ma!is,  ex- 
araiucd  them  in  rc-tprct  of  their  mngiiecrjxtallic  force.  At  the 
Iiorse-shoc  magnet  (2-180.)  they  gave  no  sigfis  of  such  power, 
whatever  the  direction  in  which  they  were  scependcd,  but  stood 
in  any  pOTition;  and  any  d^rec  of  torsion,  howcrcr  »mal],  ap- 
plied At  the  upper  extremity  of  the  xuspending  filament,  wna 
obeyed  at  onee,  and  to  the  full  c:ttei]t,  by  the  CTystal  lieneath. 
When  Buhjtoled  to  the  elect ro-roagnet,  the  phocnomcna  of  arrest 
and  rcruliion  were  produced  (2513.  2310.),  as  was  to  be  cs- 
pccted.  If  alter  the  urrcat  the  maguetic  force  were  continued, 
there  wa«  no  slow  advance  of  the  crystal  up  to  a  distinct  point- 
ing position  (2r»12.) ;  it  stood  perfectly  still  in  any  poaitiou.  So 
there  is  no  e^'idcnee  of  magiiecryctallic  action  in  this  case. 

2338  7m. — I  selected  from  hlork  and  grain  tin  some  pieera 
which  appearc<l,  by  their  citcmnl  forms  and  the  surface  pro- 
duced ntidcr  the  itction  oE  acids,  to  have  a  regular  crytitallitie 
Btmctnre  internally;  and,  cutting  off  portions,  carefully  sub- 
mitted them  to  the  power  of  the  magnets,  hut  tliere  was  no  ap- 
|>cftranceofanymagneery8tallicphaiUomcna.  IrMlications  of  the 
arresting  and  revubirc  actions  were  pre^tcutcd,  and  aloo  of  dia- 
magnetic  force,  but  nothing  else.  I  also  examined  some  crystali 
of  tin  obtainetl  by  clcctro-chcmical  deposition.  They  were  pure 
and  diamsgDCtic ;  they  were  arrested  and  rcvulsed,  but  they 
showed  no  signs  of  magnecrystallic  action. 
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2539.  Lead. — T^atl  was  crj'stallized  by  fiision,  partial  sotidifi- 
cation,  and  pouring  off  (3457.),  and  some  very  fair  crystals, 
Imving  the  gouvrsl  furm  of  octobcdra,  vrcru  obtained.  ObHcrvcd 
at  tlic  magnets,  tbese  were  arrested  aud  revuUed.  fuubly,  but  prc- 
\icA  no  maj^uccrystiUlic-  pba-numoua.  Sumo  fine  rryHtHlIine 
^latps  of  lead  obtsiued  t-lectro-cbfnjieaUy  from  the  dccompoiii- 
tiou  of  tbe  acetate  by  xiuc,  were  submitted  to  tlie  magnet :  tbcy 
were  pure,  diainftguctic,  aud  were  arrcRted  and  revulsed,  but 
presented  uo  appcai-ancc  of  magnccrj'staliic  action. 

2510.  Goid. — Three  fine  large  crystals  of  goM  were  cxainiiifd. 
Tbey  were  diaiuagnctic,  aud  easily  arrested  (2310.  23^10.) ;  ibe 
rcnilsiou  did  not  take  place,  because  of  their  octxihcdral  or  orbi- 
cular form.     Tlicy  preaentiai  no  muguffry.slallic  inilieationH. 

2511.  Tellurituii. — Tho   friieliired    pieces  of  this  eubstanc 
presenting  larye  and  parallel  planes  of  cleavage,  were  examined  s' 
both  piiiuted,  aud  the  greatest  leugtb  was  across  the  axial  line 
between  flat-faced  jwlcs  (24iC3,),     ]  think  the  effects  wore  in  part, 
if  notaltogetlicr.dHctothcmBgnccTystalHcstnteofthc  substance; 
but  I  do  not  think  the  cvidcuoe  Mas  quite  couclusivc. 

2542.  Iridium  anil  Osmium  allot/. — The  native  grains  of  iri- 
dium aud  uamium  are  often  flat,  presetitJug  two  plnuea  looking 
like  crystal  planes,  which  are  parallel  to  each  other  even  when 
the  grain!)  are  thick.  Some  of  the  largest  and  most  crjstalline 
wcn^  ficlcetcd,  and)  after  ignition  with  tlus  uiul  digc«tiou  in 
nitromurintie  acid,  were  examined  at  the  mngnct-  Sotuc  were 
more  niagiietie  than  otherst,  being  attracted ;  others  werp  very 
little  magnetic  :  the  latter  were  selected  and  examined  mon;  care- 
hdly.  These  all  pointed  with  great  rcadiuess  aud  force,  com- 
paratively Bpraking ;  for  they  were  not  above  one-fifteenth  of  an 
iiicli  long,  iind  yet  they  set  freely  when  tlio  magnetic  poles  were 
3  or  1  inchw  apart.  The  faces  of  the  crystalline  particles 
were  alwat/x  towiinls  the  poles,  and  their  length  conw?qiientIy 
uot  in  hut  across  the  axial  line  ;  and  this  wa^i  tnie  whether  the 
distance  between  the  poles  was  small  or  great,  or  whether  flat, 
faced  or  conical  poles  were  used.  1  believe  they  were  magnc- 
cryatallic. 

2513.  Fusith  metal.  —  Crystals  of  fusible  metal  {2ir»7.) 
pointed,  but  the  crystals,  which  were  appwently  quodrangtdar 
plates  or  prisms,  were  not  good^  and  the  evidence  not  clear  itnd 
distinct. 
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3544.  JfTs-e*.— I  thought  it  possible  that  thin  wires,  which  by 
the  action  of  acitls  exbihited  librouR  arrangemetitK,  might  have 
tbirir  pnrtidcs  in  a  state  approuchin^  to  the  m-!>tallinc  condition, 
and  lUercfore  sabmilted  hiindlea  of  platinum,  copper,  mid  tin 
wixe  to  the  action  of  the  tna^ct ;  but  no  indications  of  magae- 
cryfitallic  action  npponrcd. 

tib-Va.  1  fmbmittpd  several  metallic  componnd*  to  the  power  of 
the  ma^rt,  upplicc!  w  aa  to  dccdopc  nay  indication  of  the 
oiagix-inTiitaUic  phu^iiomcim.  Gulciis,  nativu  ciunutiar,  osidc  of 
tiih,  salphiiret  of  tin,  native  red  oxide  of  copper,  Drookitc  or 
axid«  »f  titanium,  inin  pyriti-s,  and  alau  diamond,  fluor  spar, 
rock-salt  and  boracite,  being  all  well  crystalliKcd  and  diamagiielic, 
presetited  no  evidence  of  the  nutgnccryatallic  force.  Native  and 
well-crrstallizcd  sulphiirct  of  copper,  sulphiirct  of  isinc,  cobalt 
gkucc  Aiid  Icucitc^  were  m&jiiuctie.  Arsenical  iron,  specular  iron, 
and  magnetic  oxide  of  iron  were  still  more  no.  1  could  not  in 
any  of  them  distinguish  any  magnetic  reitnlts  due  to  cryntalH- 
zEtiun. 

25 IG.  On  examining  magnetic  «alts,  several  of  them  prc«ente(l 
very  striking  mngnccrystallic  phenomena.  Thus,  witli  fulphate 
of  iron,  the  first  crystal  whirh  I  cmploj-od  was  wuspendcd  with 
tbe  uiaguecr}'iitallie  axis  vertical,  and  it  presented  no  particular 
appearances;  only  the  longest  horizotilul  direction  went  into 
the  magnetic  a^is  pointing  feebly.  Rut  on  tiiniing  the  piece 
00"  (2470.),  instantly  it  [Minted  with  much  force,  and  thegrcAt«frt 
length  went  eqnntorially.  The  ciystal  wn«  compounded  of 
snperpoiLefl  flat  crystals  or  platea,  and  the  mngiiecr^-siallic  axin 
went  directly  across  thcnc ;  it  was  easy  therefore,  after  one  or 
two  eiperimcnts,  to  tell  beforehand  how  the  crystal  should  be 
siwpcndcd,  and  how  it  would  point.  Whether  the  crystiiU  were 
long,  or  otiUque,  or  irregular,  still  tlie  magncpryatallie  force  pre- 
dominated and  determined  the  position  of  the  (M'vsial,  and  this 
happened  whether  pointed  or  flat  poles  were  used,  and  whether 
they  were  near  together  or  far  asunder.  The  magnccrystallic 
axis  is  perpendicular,  or  nearly  so,  to  two  of  the  sides  of  the 
rliomhoidal  prinni.  1  have  Hotiie  ismaM  jirinmatic  crrstaU  of 
which  the  length  is  nearly  thre<?  times  the  width  of  the  prism  ; 
bnt  wheu  holli  the  length  and  tlie  magiiccrjstallic  axis  are 
bnristontal,  no  power  of  the  magnet,  or  shape,  or  position  of  the 
polCB,  will  C9U90  the  length  to  tiil(ctheax;aldu-cctiou,fortliatis 
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coustaiitl}'  rctaiucd  by  the  maguecry»Ultic  &:t\i,  »o  greatly  tloea 
it  prcdomuiatc  in  power  over  the  mere  magnetic  force  of  the 
crv'Htiil.  Vet  Uiis  Utici*  is  «o  great  tu  ut  time:!  to  pull  the  ttu:^])ciid- 
ing  fil>rc  asuuder  when  the  crystal  is  above  the  poles  (2C15.J. 

2547.  Sulpliatc  of  nickel. — When  a  crystal  of  sulphate  of 
nickel  WM  siispcmh-d  in  the  magnetic  field,  its  length  tiet 
axially.  TUU  might  be  due,  cither  to  mere  nukgactie  force,  or 
l>!trtly  to  iuagnocry»tiillic  force.  Therefore  I  cut  n  cube  out  of 
the  erystnl,  two  focos  of  wliich  were  perpendicular  to  tJte  length 
of  the  original  prism,  lliu  cube  pouited  ncU  in  the  magnetic 
Held,  Rud  the  Hue  etjiuoideut  with  the  usia  uf  the  prism  uuh  thiit 
whiuh  puiuted  mxiully,  luid  rvprcecutcd  the  inuguccTystuUte  mis. 
»cn  when  the  cube  vaa  reduced  in  thie  direction  and  con- 
verted into  a  square  phite  uhusr  thickuvss  (Miudch^d  n-ith  the 
magneeryiit^Uc  bxiKj  it  pointed  us  well  ue  bei'ore,  though  tl 
Mhartcst  diiueusioutt  of  the  piece  were  uow  aual. 

Jiu 48.  The  itersulphate  of  ammonia  a«d  iron,  and  the  suiphai^ 
of  manganese,  did  not  give  auy  iudicatioo  of  magueervstiLUic 
phxnooieua ;  the  auiphuh  of  ammonia  and  mangautae  I  think 
di<3,  Imt  lUe  crystahi  were  uut  {.'"od.     The  Bulphate  of  pota*sa 
nod  nickel  is  maguecry&tallie.     All  ttu'ce  salts  were  magnetic. 

2540.  Thus  it  seems  that  other  bodivH  bedsides  huuuuth,  anti- 
mony and  ureeuic,  pre&cut  niai^uecrystullit:  efleeta.  Amongst 
theac  ore  the  alloy  of  iridium  and  osuiium,  pmbitbly  tellurium 
and  titanium,  and  ccrtuiuly  thu  sulphates  uf  iron  and  nickel. 
Before  leaving  this  pai-t  of  the  eubjcct,  I  may  remaric  that  this 
property  has  probably  led  me  into  error  at  tiiueM  on  a  former 
occauoD  (2290.).  A  mistake  with  arsenic  (2383.)  might  very 
easily  arise  from  this  cauee. 

^  T.   On.  the  nature  of  the  magneeryataUie  foren,  and  getteral 

obgervadona '. 

2550.  The  magnecrystallic  force  appears  to  be  vciy  clearly 
distinguished  from  cither  the  loaguetic  or  diumognetic  farces,  in 
that  it  causes  neither  approacb  nor  recession  ;  consisting  not  iu 
attraction  or  repulsioDj  but  in  its  giving  a  certain  determinate 
position  to  the  ma»i  under  its  intlucucCj  so  that  a  given  line  in 
relation  to  the  mass  i<<  brought  by  it  into  a  glveu  relation  with 
the  direction  of  the  exterual  magnetic  power. 

1  Sqc  oawBids,  28^  &9. 
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3551.  I  tbougbl  it  right  very  carctully  to  examine  aod  prove 
the  coucIukIoii,  llial  iLere  was  ud  oouiicxion  of  tlie  ^ce  with 
dlhcr  attractive  or  repulsive  iutlut-'ucca.  Fur  this  {turpose  I 
ooiutnicbed  a  toraioii-baluicej  wiUi  a  bifilar  nuHpeuaiuu  of 
oocooa  silk,  wDsisting  of  tvo  bimdlefl  of  seven  filjuucots  each, 
rl  iiicUee  loiig  aud  otic-lHi>jllli  uf  au  iticli  vjiurt ;  aiid  sus- 
peuJed  a  crystal  of  bitiDiutli  {24&7.)  Cruu  oue  eud  oF  tbe  leverj 
•o  th>t  it  might  W  tixixl  aiid  rctainc-d  in  any  (toailioii.  Tliia 
balance  was  prutcrUxJ  by  a  glass  casr,  ontsitk*  of  ivhlch  tbf: 
oooical  terminal  of  one  pole  of  die  great  clcctro-uaguct  (SS47.} 
was  adjusted,  no  &h  to  be  borizouUil,  at  right  angles  to  tbe 
lever  of  the  torsion -balaoce^  aiut  in  sucb  a  |>o»itioa  that  the 
bismuth  crystal  wan  in  the  prolongation  of  tbe  axiii  of  the  pole, 
uud  about  half  an  inch  froiu  it»  cxtrtrmity  it^ien  all  iroa  at  rest. 
The  other  pole,  1  iiicUcu  oiT,  wait  lufl  large  ao  that  tbe  lines 
of  magnetic  force  diouki  diverge,  ac  it  were,  and  rapidly  dimi- 
niab  in  strength  from  tbe  end  of  the  conicid  pol«.  The  object 
wm  to  observe  tbe  degn.<e  of  nrjuilsiau  exvKed  by  tlic  maguet  on 
the  biamutb,  hA  a  diamaguclic  lioclr,  cither  by  the  distiuice  to 
vbich  it  iras  rcpcllod,  or  by  the  torsion  required  to  bring  it 
biick  to  its  first  position ;  and  to  do  tliis  with  the  bismuthj 
having  its  magnecr^'stallic  axis  at  one  time  axial  or  parallel 
to  the  lines  of  magnetic  force,  at  another  e<iuatorial,  observing 
whether  any  differciMX.-  was  produced. 

2S52.  Tbe  crystal  was  tlicrcforc  placed  irith  ito  maguccry- 
stoUicaxiB  first  parallel  to  the  liues  of  nui^^notic  force,  and  tlicn 
turned  four  timc6  in  succession  ^0"  iu  a  horizontal  plane,  so  &a 
to  observe  it  under  all  poxitioiitt  uf  the  magnccrvstallic  axis  ;  but 
iu  uu  case  couW  any  diilercucc  iu  the  auoouut  of  the  repulsion 
be  observed.  In  other  experiments  tlie  axis  was  placed  oblique, 
but  fttill  witli  tlic  same  result.  If  there  be  therefore  any  differ- 
ence it  must  be  exceedingly  small '. 

2558.  A.  cotrespouding  experiment  vas  made,  bangiLg  tbe 
crystal  as  u  pendulum  by  a  bililar  sufipeusion  of  cocoon  silk 
30  feet  iu  length,  wiib  the  same  result. 

3664.  Another  very  striking  scries  of  proofs  that  the  cfTecb  is 
not  due  to  attraction  or  rcpuUion,  was  obtaiuud  in  the  following 
maanor.  A  skein  of  fifteen  tihuments  of  cocoon  silk,  tibout  l-i 
inches  long,  was  made  fast  above,  and  Uicn  a  n  eight  uf  Bu 
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ounce  or  more  hung  to  the  lower  end  ;  the  miilcile  of  this  nkcin 
waa  ubout  the  middle  of  the  niugnetic  liclil  of  the  elcctro-ma^ict, 
and  the  eqiiare  weight  below  rested  against  the  side  of  n  block 
of  wooii,sn  as  to  give  a  steady,  silken  vertical  axiB,  withont 
gwing  or  revuhitiou.  A  small  strip  of  raril.  about  half  an  inch 
long,  and  the  tenth  of  nu  inch  broHd,  was  fastened  across  the 
middle  of  thio  axis  hj  cement;  and  then  a  small  [irismatic 
crystal  of  sulphate  of  iron  about  0*3  of  an  inch  long,  and  0- 1  in 
thickness,  was  nttotched  to  the  cord,  so  that  the  length,  and  also 
the  magnecrjittalt ic  sxin,  were  in  the  horizontal  plane;  all  the 
length  wiw  on  om;  aide  of  the  nillccii  uxi-f,  so  that  oa  the  erystai 
swung  round,  the  length  was  radius  to  the  circle  described,  and 
the  mnjniccrystaUic  axis  parallel  to  the  taagcnt. 

25n5.  Thia  erystal  touk  a  puKitiou  of  rest  due  to  the  torsion 
force  uE  the  xuKpeiicliiig  ttkeiu  of  silk;  and  tlie  position  could  be 
made  any  one  that  was  desired,  by  turning  the  weight  below. 
The  torsion  force  was  snch,  that,  when  the  crrstal  was  made  to 
vibrate  on  it  s  sllkcu  axis,  forty  complete  (or  to  and  fro)  ribratiotu 
were  perfonncd  in  &  minute. 

2556.  When  the  crystal  waa  made  to 
stand  between  the  flat-faeed  jMiles  (2-16.3.)  TYT. 
obliquely,  aa  in  tig.  4,  themomcntthc  mag.  /V/ 
net  wu»  excited  it  moved,  tending  to  stand  /// 
with  its  lenglli  ccinntorial  or  it*  mngnecry  .^^^ 
stnllic  axis  parallel  to  the  tines  of  magnetic 
force.  Whoa  the  N  pole  was  removed,  and  the  esperimeut  re- 
peated, the  name  effect  took  place,  but  not  as  strongly  as  before ; 
and  when,  finally,  the  pole  S  was  brought  as  near  to  the  crjaial 
as  it  could  be,  withont  touching  it,  the  same  result  occurred,  and 
with  more  strength  than  in  the  la»t  ease. 

2'ih7.  In  the  two  latter  experiroeuta,  therefore,  the  crystal  of 
sulphate  of  imn,  though  a  magnetic  body  and  strongly  attracted 
by  «uch  a  magnet  as  that  used,  actually  receded  from  the  pole 
of  the  magnet  under  the  influence  of  the  magnccryataJlic  con- 
dition. 

255B.  Tf  the  pcile  S  be  removed  and  that  marked  N  be  retained 
for  action  on  the  crystal,  then  the  latter  approaches  the  pole, 
urged  by  both  *bo  magnetic  and  magnccry.itnllic  forces;  but  if 
the  crystal  be  revolved  ltO°  to  the  left,  or  ItJO"  to  the  right,  round 
the  Mlken  axis,  so  as  to  come  into  the  contrary  or  opposite  posi- 
tion, then  this  pole  repels  or  rather  causes  the  removal  to 
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dtsUaceof  the  crystals,  jiuit  as  the  former  diJ.  Tlie  experiment 
rvijuires  care,  aud  I  find  tliat  conical  pok-a  are  uot  good;  but 
with  att4-ution  I  oouldubtaiit  the  results  wltli  the  utmost  readiness. 

iiiaO.  The  sulphate  of  iron  was  tht-ij  rcplaccd  hy  a  crjfttalUnc 
plate  (2480.)  of  bismuth,  placed  as  before  on  one  side  of  the  nilk 
siupcmder,  and  with  it&  magDecrystnllic  osis  horizontal.  Making 
the  position  the  sAmc  sat  that  which  the  crystal  Imd  itt  relatiuu 
to  the  N  pole  in  the  former  cx|>eritucut  (2336.),  no  that  to  place 
its  axis  parallel  to  the  tiaca  of  mii^ctic  force  it  inu»t  approach 
this  ma^ctic  pole,  and  then  throwitig  the  miigucrt  into  nu  active 
state,  the  bismuth  moved  act-ordiugly,  aiiJ  did  appraiich  the 
pole,  against  its  diaraagnetic  tendeuey,  but  under  the  influence 
of  the  luaguccrystallic  force.    The  effect  was  small  but  distinct. 

2560.  Anticipating,  fora  short  time.thc  resultof  the  reasoning 
to  be  (fivcn  further  on  (2G07.)»  i  will  describe  a  correspouding 
cSi^et  obtained  with  the  red  fcrro-prussiate  of  potassa.  A  crystal 
of  this  salt  had  its  acute  linear  angles  gronnrl  away,  so  as  to 
convert  it  into  a  plate  with  faces  parallel  to  the  plane  of  the  optic 
axu,  aoil  watt  tlicn  made  to  replace  the  jilatc;  of  bismuth.  Being 
in  the  positiou  before  represented  (^'550.),  aud  the  luaguet  ren- 
dered active,  it  moved,  placing  the  plane  of  the  optic  axis  cqua- 
toriitlly,  a*  Pladter  dcBcriljes.  When  the  pole  N  was  reujovccl 
aud  S  brought  up  to  the  crystal,  tlwr  .-uime  motion  oceurn*d,  the 
crj-stal  rctreaiiitff  from  tlie  pole ;  aud  wUc-u  S  pole  ivns  removed 
and  N  brought  tuwardi)  the  crystali  it  moved  aa  before,  the 
whole  body  now  aftproachtng  towards  the  pole.  On  iuclining 
the  crystal  the  other  way,  i.  c.  niukiiif^ils  place  on  the  other  side 
of  the  equatorial  line,  the  S  pole  caused  it  to  approach  and  the 
N  pole  to  rceetit.  So  that  the  same  pole  seemed  able  either  to 
attract  or  rcptl  the  same  side  of  the  crj'Htal ;  and  either  pole 
could  be  made  to  show  tliis  apparent  attractive  and  repulsive 
force. 

25fil.  Hence  a  proof  that  neither  attraction  nor  repulsion 
cauNCs  the  set,  or  governs  the  Bual  position  of  the  body,  or  of 
■ny  of  Uie  bodies  whose  movements 'are  due  to  the  same  causo 

(3607.)  ■ 

2562,  This  force  then  Li  distinct  in  ita  character  and  cfTeets 
from  the  magnetic  and  diamagnctie  forms  of  force.  On  the 
other  hand,  it  Ii&s  a  most  manifest  relation  to  the  cr>'stnltiuu 
structure  of  the  biamutb  and  other  bodies ;  and  therefore  to  the 
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molecules,  and  to  the  power  hy  wliicli  these  molecules  arc  able  to 
build  up  the  crystalline  masses.  It  appean  to  meimposaiblcto 
conceirQ  of  the  results  m  txtij  other  wa^  than  by  ti  mutnni  re- 
action of  the  mngnetic  force,  and  tlic  force  of  the  particles  of  the 
cryittal  on  each  other :  and  this  leads  the  mind  to  another  con- 
clusion, namely,  that  as  far  as  tlit-y  can  act  on  each  other  they 
partake  of  u  like  nature  ;  ami  hrinKM,  1  think,  freah  help  for  the 
solution  of  that  great  problem  la  the  philosophy  of  molecular 
forces,  which  asaumeji  that  they  all  have  one  common  origin 

(2146.). 

2SGd.  Whether  we  consider  a  crystal  or  a  pnrticlc  of  bismuth, 
its  polarity  has  a.  very  extraordinary  character,  as  compared 
with  the  polarity  of  a  particle  in  the  ordinary  magnetic  state,  or 
when  compared  with  nny  other  of  the  dual  conditions  of  phy- 
sical force;  for  the  opposite  poles  have  /iAn  characters;  as  is 
shown  first  of  all  by  the  diametral  pointing  of  the  masses 
(24Cl,),aiid  also  by  the  physical  characters  aud  relations  of 
crystals  generally.  As  the  molecules  lie  lu  the  mass  of  a  cry* 
stal,  therefore,  they  can  in  no  way  represent,  or  be  represented 
by,  the  condition  of  a  parcel  of  iron  tUings  botwceu  the  poles  of 
a  magnet,  or  the  particles  of  iron  in  the  keeper  when  in  itfl 
place;  for  these  have  poles  of  different  names  and  quality  ad- 
bcring  together,  and  so  giving  a  sort  of  structure;  whereas,  in 
the  crystal,  the  molecules  have  poles  of  Uke  miturc  towards  each 
other,  for,  so  to  say,  all  the  poles  are  alike. 

£3(t-k.  As  made  manifest  by  the  phieiinmeiia,  the  magnerry- 
atallic  force  is  a  force  acting  at  a  distance;  for  the  crystal  is 
moved  by  the  magnet  at  a  distance  (25JG.  S574.)>  aud  the 
crystal  also  can  more  the  magnet  at  a  distacc.  To  produce 
the  tatter  result,  I  converted  a  steel  boilkju,  about  3  inches 
long,  into  a  magnet;  and  then  suspended  it  jjerpendicularly  by 
a  single  cocoon  filament -t  iiirhcs  long,  from  a  »umll  horizou. 
tal  rod,  which  aguiu  was  suepcndcil  by  its  centre  and  another 
length  of  cocoon  filament,  from  a  fixed  point  of  support.  In 
this  manner  the  bodkin  was  free  to  move  on  its  own  axis,  and 
could  also  descrilie  a  circle  about  \\  inch  in  diameter;  and  the 
latter  motiou  wn^  not  hindered  by  any  tendency  of  the  needle  to 
point  under  the  earth's  influence,  because  it  could  take  any 
position  in  the  circle  and  yet  remain  parallel  to  itself. 

2565.  A  support  perfectly  free  from  magnetic  action  was  con- 
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iiractcd  of  glua  rod  and  copper  wire,  which  pauiog  through 
the  bottom  of  the  ntand,  and  bang  in  tho  prolongation  of  the 
npper  axis  of  motion,  was  concentric  with  the  circle  which  the 
little  magnet  could  describe;  it«  height  was  such  thnt  it  could 
nstaia  a  crystal  or  any  other  mihstance  level  with  the  pole  at 
tic  lower  end  oF  the  uecdie,  and  in  the  centre  of  the  small  circle 
in  which  the  latter  could  reTolvc  around  it.  By  moving  the 
lower  end  of  the  support,  the  upper  end  also  could  be  made  to 
approach  to  or  recede  from  the  magnet.  The  whole  was 
corered  with  a  glass  shade,  and  when  left  to  become  of  uniform 
temperature,  and  at  rest,  the  needle  magnet  was  found  to  take 
up  a  constant  position  under  the  tonidn  force  of  the  suspending 
filaments.  I'Sirthcr,  any  rotation  of  the  glass  and  copper  mre 
tnpport  did  not  produce  a  final  change  in  the  poRition  of  the 
magDet;  for  though  the  motion  of  the  air  would  carry  the 
magnet  away,  it  retunicd,  ultimately,  to  the  isume  spot.  When 
rcmorcd  from  this  ^pot,  the  toreion  force  of  the  silk  sufipcnnion 
made  the  system  oscillate  ;  the  time  of  a  half  oscillation,  or  a 
pMMagc  in  one  direction,  was  about  three  minutes,  and  of  a 
whole  oncillatioii  therefore  six  minute*. 

2oC»Q.  When  a  crj'stal  bi»raiith  was  fixed  on  the  support  with 
the  maguccrystallic  axis  in  a  horizontal  clircetion,  it  could  he 
placed  ucar  the  lower  pole  of  the  magnet  in  auy  pusitiuu,  and 
being  then  left  for  two  or  three  hours',  or  until  by  repeated  cx- 
amiuation  the  magnetic  pole  was  found  to  be  ntatioiiary,  the 
place  of  the  latter  could  he  examined,  and  the  degree  and 
direction  in  which  it  was  allcctcd  by  the  bismuth  aaccrtaiucd. 
£xtremc  precaution  wae  mguired  in  these  obscrrations,  and  all 
•tee]  or  iron  Ihinps.afiRpcctacIea,  knives,  keys,  &c.,  had  to  be  dia- 
misBed  from  the  obserrer  hefore  he  entered  the  place  of  ex[)cri< 
mrat ;  and  glaas  candlesticks  were  used.  The  effect  produced  was 
hat  small,  but  the  result  was,  that  if  the  direction  of  therciague- 
crystallic  asia  made  an  angle  of  10^,  ^^f,  or  30°  with  the 
hoe  firam  the  magnetic  pole  to  the  middle  of  the  bismuth 
eryvtal,  then  the  pole  followed  it,  tending  to  bring  the  two  lines 
into  parallelism;  and  this  it  did  whichever  end  of  the  mugue- 
oyatoUic  axis  was  towards  the  pole,  or  wliicherer  side  it  was  in- 
clined to.  6y  moving  the  bismuth  at  ancccssivc  times,  the 
(leriation  of  the  magnetic  pole  cotild  bo  carried  up  to  60°. 
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2567.  The  crystnl  of  bismuth  therefore  is  able  to  react  upou 
nnd  affect  the  mnj^et  at  a  distance. 

2a(W.  Hut  though  it  thus  take  up  the  eharactpr  of  a  force 
actiiig  at  a  di^tancCj  still  it  is  (hie  to  that  power  of  the  particles 
■which  makes  them  cohere  in  rcgiikr  order,  atid  gives  the  mass 
its  crjatflllino  a^rcgatinn ;  which  we  c-all  at  othrr  timro  the 
attractioD  of  oggrcgatiuD,  and  so  oflcu  speak  of  as  kctiog  at 
iiueasibte  distniiccs. 

S-KJl).  For  the  further  pxpHcation  of  the  luiturc  of  this  force, 
I  proceeded  to  esamiuc  the  ctfect  i>f  heatoii  crystals  of  hismuth 
Then  in  the  ma^etic  field.  The  crystals  were  suapeuded 
cither  by  platina  or  fine  copper  wire,  and  heated,  sometimes  by 
n  small  spirit-lamp  flame  applied  directly,  suinetiuics  in  au  oil- 
bath  placed  bclweeii  the  magtietie  poles;  and  though  the  up- 
ward currents  of  air  and  fluid  were  strong  in  thrsc  cases,  they 
were  far  too  weak  to  overcome  the  set  caiise<l  hy  mngncTrystallic 
action,  and  helped  rather  to  show  when  that  action  waa  weakened 
or  ceased, 

2570.  Wlien  the  temperature  was  gradually  raised  in  the  air 
the  bismuth  crystal  coutinued  to  point,  until  of  a  auddeu  it  be* 
came  indiffereiil  iu  that  respect,  and  turned  in  auy  direction 
under  the  influence  of  the  rising  currents  of  air.  Inatautly 
removing'  the  lamp  flame  the  bismuth  revolved  slo-wly  and  regu- 
larly, as  if  there  were  uo  tendency  to  take  np  one  position  more 
than  another,  or  no  rcmaina  of  magnccrystnllic  action  ;  but  in  a 
few  seeondB,  lut  the  temperature  fell,  it  resumed  ita  pow<T  of 
pointing;  and,  apparently,  iu  an  instant  aud  with  full  force,  and 
tlie  pointing  was  precisely  iu  the  same  direction  aa  at  first.  On 
examining  the  crystal  carefnlly,  its  external  shape  and  it* 
cleavage  showed  that,  as  a  oiystal,  it  was  nuchaiiged  ;  bnt  the 
appearance  of  a  minute  globule  of  bismuth,  which  had  exuded 
upon  the  suifucc  iu  one  place,  showed  that  the  tcnoperature  had 
been  close  upon  the  point  of  fusion. 

2571.  The  same  result  occnrrrd  in  the  oil-bath,  except  that 
aa  removing  the  lamp  fniin  the  oil-hath  did  not  immediately 
stop  the  addition  of  heat  to  the  bismuth,  so  more  of  the  latter 
was  melted ;  and  about  one-fourth  of  the  metal  appeared  as 
a  drop  hanging  at  the  lower  part.  Still  the  whole  mass  lost  ita 
power  at  the  high  tcuiperatui'c,  aud  the  poxcr  was  regained  iu 
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the  umc  direction,  but  iu  a  less  degree  on  pooling.  Thcdioii- 
Dished  force  va«  accounted  for  on  breaking  up  the  crystnl  i 
for  Uic  |i&rts  irliich  IiikI  been  liquefied  wei'c  now  cr_rstAlli]»*d 
irregalarly,  and  tliurcforc,  tbougli  active  at  tli[>  lieginniiig  uf  tlic 
txpcrimcnt,  were  neutral  at  the  cud. 

Si»'2.  As  iicat  hftA  this  cileet,  the  expoctntiou  entertained 
(250^0  of  crystalliiting  bismuth  regularly  in  the  magnetic  field 
iM  nf  course  unfoiuidcd;  for  tlic  metal  must  acquire  the  solid 
stale,  and  be  lowered  tliroiigh  several  decrees  probably,  before 
it  can  exhibit  the  magnccrystaltic  phenomena.  If  liait  \iva  the 
umc  effect  ou  uU  bridii-s  prior  to  thrlr  liquefaction,  then,  oC 
coune,  such  a  process  cau  be  appUctl  to  none  of  them. 

2578.  A  crystallized  piece  of  antimony  waa  Bubjccted  to  the 
tame  experiment,  nnd  it  nUo  ]o»t  its  ma^ccrystnllic  pdwcr 
bdoK  a  dull  red  heat,  and  just  as  it  was  BoftuutDg  so  un  to  tuko 
the  impression  of  (he  copper  loop  in  which  it  was  hung.  On 
bi-iiig  cooled  it  did  not  rcauine  its  formcrstate,  but  then  becnme 
ordmurily  magnetic  and  poiutcd.  'V\\\s  I  conclude  ai-ose  from 
iron  aSected  by  the  ftamc  and  heat  of  the  spirit-lamp ;  for,  as 
the  beat  vas  high  enough  to  bimi  oil  part  of  the  antimony  and 
make  it  rise  in  fumes  of  oxide  of  antimony,  so  this  might  set  a 
certain  portion  of  iron  free  which  the  carbon  and  hydrogen  of 
the  flame  would  IcaTC  iu  a  very  magnetic  state  (2(!08.). 

S574.  In  fiu'thcr  elucidation  of  the  mutual  action  of  the  bis- 
muth and  the  magnet,  the  bismuth  was  Ruspendi'd,  as  already 
described  (2.151.),  on  the  bifilur  balance,  but  m  turned,  that  ita 
magnecrystallic  axit;,  being  horizontal,  was  not  parallel  ur  pcr> 
{M-ndicular  to  the  arm  of  the  lever,  but  i''ig>5. 

a  little  inclined,  aa  in  the  ligurc  (5.),  . 

where     1    represents    the    cryntal    of  L, 

bismuth  attached  to  the  balance  arm  b, 
the  axis  of  vhich  is  so  placed  that  the 
crystal  can  Ewiog  tlirough  the  rarioua 
positions  1,  2>  3,  -1 ;  S  is  the  pole  of 
tlie  magnet  separated  only  by  the  gla»a 
of  the  shade.  It  is  manifest,  that  in 
position  1  the  magiiccrrHtallic  axes  and  the  lines  of  magnetic 
furee  arc  parallel  to  caeb  otlicr  ;  u  liea-aa  in  the  positions  2, 3,  ■%, 
they  are  oblique.  When  the  apparatus  wat  so  arranged  tliat 
the  crystal  of  bismntli  rested  at  1,  the  supcrindnctiou  of  the  full 
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magnetic  force  eent  it  towards  4 ;  a  TCBult  of  diamagnctic  action. 
When  iiowcver  the  bismuth  had  its  place  of  rest  at  3,  the 
development  of  the  niaguetic  force  did  uot  make  it  pass  to- 
wards 3,  in  accordance  with  the  former  result,  but  towards  1 , 
which  is  usually  attained  and  often  passed,  going  a  little  towards 
4.  In  this  case  the  laagnccrystaUic  and  the  diamagoctic  forces 
were  opposed  to  each  other,  aud  the  former  gained  tbe  odvan- 
tage  up  to  position  I. 

Ii575.  But  though  the  crystal  of  bismuth  in  these  cases  moves 
across  the  lines  of  force  in  the  magnetic  field,  it  eanuot  be  cx- 
peeted  to  do  so  iu  a  field  where  the  lines  arc  parallel  and  of 
equal  force,  aa  between  tiat-faced  poles;  the  crystal  being  re- 
strained so  as  to  move  only  parallel  to  itself;  for  under  sneh 
drcumstancea  the  forces  are  etinal  in  lioth  directions  and  on 
Doth  sides  of  the  muss,  and  the  only  tendency  the  crystal  has, 
in  relotion  to  its  mnttnecry stall ic  condition,  is  to  tiirn  ronnd  a 
vertical  axis  until  it  is  in  its  natural  position  iu  the  magnetic 
field. 


3576.  A  most  important  question  next  anscs  iu  relation  to 
the  m agnecrj'sta! lie  force,  iiamcly,  whether  it  is  an  original  force 
inherent  in  the  crystal  of  bismuth,  &c.,  or  whether  it  is  induced 
under  the  mBgnctic  and  electric  influences.  \VLen  a  piece  of 
soft  iron  is  held  iu  the  vicinity  of  a  maj^nct  it  acquires  new 
powers  and  properties;  some  jwrsons  assume  this  to  depend 
npon  the  development  by  induction  of  a  new  force  in  the  iron 
and  itJ»  particles,  like  in  nature  to  that  in  the  inducing  magnet : 
by  others  it  is  considered  that  the  force  originally  existed  in  the 
particles  of  the  iron,  and  that  the  indnctivc  action  conMsted  only 
in  the  arrangement  of  all  the  elementary  forces  in  one  general 
direction.  Applying  this  to  the  crystal  of  bismuth,  wc  cannot 
make  use  of  the  latter  supposition  in  the  same  manner ;  for  all 
the  particles  arc  arranged  hcfori-hand,  and  it  ia  that  very 
arrangement  of  tliera  and  their  forces  which  gives  the  hiamuth 
itA  power.  If  the  particles  of  a  substance  be  in  the  heteroge- 
neous condition  posseaaed  by  those  of  the  iron  in  its  unmagnetic 
■tate,  then  the  magnetic  force  may  dcvelopc  the  magnetic,  and 
also  the  djama^nctic  condition,  which  probably  is  a  condition  of 
induction  ;  but  it  docs  not  appear  at  once,  that  it  can  develope 
a  state  of  the  kind  now  under  consideration. 
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2577.  That  the  particles  hold  tbcir  ovn  to  a  great  extent  in 
all  the  results  is  manifest,  by  the  coa»i deration  that  the^  bare 
an  inherent  power  or  force,  the  erystaJlinc  force,  which  is  so 
unchangealile  tlut  qo  treatment  to  which  tbcy  can  be  subjected 
can  alter  it ;  that  it  in  this  i-cry  force  which,  placing  the  particles 
in  a  rv^lar  jxisitloa  in  the  mass,  cnablca  them  to  act  jointly  on 
the  magnet  or  the  electric  current,  and  afli;ct  or  be  affected  by 
them ;  and  that  if  the  particles  are  not  eo  arranged,  but  arc  in. 
all  directiom  in  the  mssn,  then  the  snm  of  their  forces  externally 
b  nothing,  and  uo  inductive  exertion  of  the  magnet  or  current 
can  dcTclope  the  slightest  trace  of  the  phienomena. 

S57H.  And  that  particles  even  before  crystallisatioDcanactin 
some  degree  at  a  distance,  by  virtue  of  their  cryatalliring  force, 
is,  I  think,  shown  by  the  fullowiug  fact.  A  jar  containing 
about  a  quart  of  solution  of  sulphate  of  soda,  of  such  strength  as 
to  crrntaUin:  when  cold  by  the  touch  of  a  crystal  of  the  salt  or 
an  cxtnuicotu  body,  ivus  left,  uccidcntally,  for  a  vcck  or  more 
uiattoAded  to  and  undistnrbcd.  The  sohitiou  remained  fluid , 
but  on  the  jar  being  touched,  crystnlliscation  took  place  through- 
oat  the  irbole  tn&ss  at  once,  producing  clear,  distinct,  trans- 
parent plates,  which  were  an  inch  or  more  in  length,  up  to 
half  an  inch  in  breadth  j  and  very  thin,  perhaps  about  the  one- 
fiftieth  or  one-sixtieth  of  an  inch.  These  were  all  horizontal, 
and  of  course  parallel  to  each  other ;  and  I  think,  if  1  remember 
rightly,  bad  their  length  in  the  same  direction  ;  and  they  were 
■like  in  character,  and,  apparently,  in  quantity  in  every  part  of 
the  jar.  They  almoot  held  the  fluid  in  ita  place  when  the  jar 
was  lilted;  and  -n-hcn  the  liquid  was  poured  off  presented  a 
bcAntifnl  and  uniform  flR«eiiiblnge  of  crystals.  The  result  per- 
suaded me,  at  the  time,  that  though  the  influence  of  a  particle 
in  solution  and  nbout  to  cryxtuUize,  must  be  immediately  and 
essentially  upou  its  ucighboiu"s,  yet  that  it  could  exert  an  in- 
fluence beyond  these,  without  which  influence,  the  whole  mass  of 
lolutiOD  could  hardly  have  been  brought  into  such  a  imiform 
crystal lixing  state.  Whether  the  borizontality  of  the  plates  can 
hsve  any  relation  to  the  almost  vertical  Hues  of  magnetic  force, 
which  from  the  earth's  magnetism  was  pervading  the  sututiou 
during  the  whole  time  of  its  rcat,  is  more  than  1  will  veutuire  to 
say. 
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2579.  The  following  nrc  cOTmiilemtions  whioh  bear  upon  this 
great  qiieation  [2576.)  of  an  original  or  be  inilucwl  stale. 

2.'580.  In  the  first  plat:r,  the  liismnlli  carries  off  no  power  or 
particular  stiitc  fV(ini  tlic  maguctic  field,  able  to  make  it  affect  a 
magnet  (23(H.) ;  so  tliat  if  the  condition  acquired  by  the  ciystal 
he  an  induced  condition,  it  ia  prolwilily  a  transient  onCjaud  coa- 
limics  uiily  wliilat  uiidfr  induetiou.  The  faet,  tlicreforc,  tliough 
ncgatix-e  iu  its  evideuce,  agrees,  as  far  as  it  tells,  with  that  sup- 
position. 

2581.  In  the  next  place,  if  the  effect  were  wholly  due,  os  for 
ns  the  erystnl  is  concerned,  to  an  original  power  inherent  in  the 
ma«R,  we  might  expect  to  lind  the  earth's  magnetiKm,  or  any 
weak  magnet,  affeeting  the  crrstal.  It  in  true  tliata  weak  mag- 
netic force  ought  to  induce  any  ^ivcu  contlitioii  in  a  eryatal  of 
l)i»muth  just  as  well  us  a  atrougcr,  only  proportionally.  But  if 
the  given  condition  M'crc  inherent  in  the  crystal,  and  did  not 
change  in  its  smmint  by  the  degree  of  magnetic  force  to  which 
it  was  Buhjected,  then  a  weak  magnetic  force  ought  to  act  more 
decidedly  on  the  bismuth  than  it  would  do  if  the  condition  were 
indu(»xl  iu  the  hisinnth,  and  only  in  pruportien  to  its  own 
force.  WhatCTcr  tlic  value  of  the  argument,  1  was  induced 
to  repeat  the  experiment  of  the  earth's  infiuenee  (2505.)  very 
carefully,  and  by  sheltering  the  SHSpended  crjiitals  in  xmall 
flasks  or  jars  cuntainMl  withiii  the  larger  covering  jar,  and 
makiug  the  experiment  in  au  underground  placeof  uniform  and 
constant  tcmpcratare,  1  wai»  able  to  exclude  every  effect  of 
currents  of  air,  so  that  the  crystals  obeyed  the  Hlightext  degree 
of  torsion  given  to  the  suapcudiug  tibre  by  the  index  above. 
Under  these  circumstances  I  could  obtain  no  indications  of 
pointing  by  the  earth's  action,  either  with  crystals  of  bisiuutb 
or  of  sulphate  of  iron.  Perhaps  at  the  equator,  where  the  lines 
of  force  arc  horizontal,  they  might  be  rendered  sensible. 

2582.  In  the  third  place,  assuuiiug  that  there  ia  an  original 
force  iu  the  crj'staU  and  their  moleculets,  it  might  be  expected 
that  they  would  show  some  direct  iuflucnce  upon  cuch  other, 
independent  of  the  magnetic  foi-cc,  and  if  so  the  best  possible 
argument  would  be  thus  obtained  that  the  force  which  ia  ren- 
dered manifeat  in  the  magnetic  field  waa  inherent  in  them.  But 
on  placing  a  large  crjstal  with  its  magnccrj'stallic  axis  horisoutal 
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andcr  a  Hnaller  and  suspended  one,  or  ai(!c  by  side  iritb  it,  1 
could  procure  iio  signs  of  mutual  uctmn;  crcu  vrlicn  the  a|>- 
prosimatcd  part*  of  the  crr^taU  were  p-ound  or  dissolrfd  away, 
CO  M  to  let  the  two  masses  cuine  as  near  as  puHHihli!  to  each 
otlier,  liaTin^  large  surface*  at  Ihc  smallest  possible  distauee. 
Extreme  care  la  required  in  such  experiments  (2I>81.),  or  else 
many  reeulta  arc  produced  which  eeem  to  »hoiT  a  mutual  aBcc- 
tion  of  the  bodica. 

2583.  Neither  could  1  find  any  trace  of  mutual  action  between 
cryiitalti  of  binmutli,  or  of  sulphate  of  iron,  when  they  were  both 
iu  the  magnetic  field,  xhc  ttac  heioK  freely  suspended  and  the 
other  broufrht  iii  variuus  positions  nea.r  to  it. 

2541.  From  the  absence  therefore  or  extreme  weakness  of  auy 
power  lu  the  er\-stuls  to  ail'eet  eaeh  other,  and  aliio  from  the 
action  of  lieat  which  can  take  aw.ny  the  power  of  tlie  ei"y8tal 
bfiforc  it  has  loet  ita  tnrrc  cryatalline  coiulitinn  (2570.),  ]  am 
iutluccd  to  b<;licT«  tliat  tlic  force  manifested  in  the  crystal  when 
in  the  majfnetic  field,  which  appears  by  external  action!*,  and 
causes  the  motion  of  the  mass,  is  chiutly  and  almost  otitircly 
mduced,  in  a  inanoer,  subject  indeed  to  the  crystalline  force,  and 
finally  additive  to  it;  but  at  the  same  time  exaliiog  the  force 
oud  the  ctSocts  to  a  degree  whicli  iLcy  conld  not  have  approached 
without  the  induction. 

258.'>.  In  that  case  the  word  inagnetocn,'stallic  ought  pro- 
bably to  he  applied  to  this  force,  as  it  i-t  generated  or  deve- 
loped under  tlie  inilurnec  of  the  magnet.  Tlic  word  mugnccry- 
atallic  I  used  puqiosely  to  indicate  that  vh\vh  1  helicvetl  be- 
longed to  the  cr^'Btal  itself,  and  I  shall  Htill  speak  of  the  magne- 
crystallie  axis,  &e.  in  that  sense. 

258G.  This  force  appears  to  me  to  be  very  Strang  and  itlrikiug 
in  its  cliarnctcr.  It  in  not  polar,  fur  there  is  no  attraction  or  rc- 
pnlsiou.  Then  vrhut  is  the  nature  of  the  mechanical  force  which 
ttims  the  crystal  round  (il-UVi.),  or  makes  it  affect  a  magnet 
(25G4.)  t  It  is  not  like  a  turniufj  hells  i>f  wire  arteil  on  by  the 
liiMS  of  magnetic  force  ;  for  there,  there  is  a  current  of  electricily 
required,  and  the  ring  has  polarity  all  the  time  and  lb  powerfuilv 
attracted  or  rcpcilwl'. 


'  I'eHiapa  Uimb  puinbi  niny  fiml  their  rxplicotion  hereaflur  in  Uic  action  «f 
Aouw  futiclM  (.1063. 1710. 1739. 1730. 2-14^.J. 
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2587.  If  we  suppose  for  a  moment  tliat  tJie  axial  position  in 
that  in  vliich  tlie  cfystal  in  unaffected,  and  that  it  is  in  tlie 
oblique  position  tliat  the  magnecrystallic  asial  tUrectioD  is 
allrctLtl  and  rendered  polar,  giving  two  teneionB  pulling  the 
crystal  round,  then  there  ought  to  be  attractions  at  these  times, 
and  nn  obliquely  presented  crystal  ought  to  be  attracted  by  a 
ainglc  pole,  or  the  nearest  of  two  poles;  but  no  action  of  thia 
kiml  appcam. 

iJiJ88.  Or  we  miKht  suppose  that  the  crystal  is  a  little  more 
apt  for  ma^'nctic  indaction,  or  a  little  less  npt  for  diamagnetic 
induction,  in  the  direction  of  the  magnccrystallic  axis  than  in 
other  du'ectioHA.  But,  if  %.o,  it  should  surely  bUow  polar  at- 
tractionH  in  the  ca.tc  of  the  magnetic  bodies,  as  sulphate  of  iron 
(2557.  2583.);  and  in  the  cane  of  diamagnctic  bodies,  an  bismuth, 
a  ditference  in  the  degree  of  repulsion  when  presented  with  the 
magnecrystallic  axis  parallel  and  perpendicular  to  the  lines  of 
niaffuetic  force  (2352.) ;  which  it  does  not  do. 

2589.  I  do  not  remember  heretofore  such  a  ca«c  of  force  aa 
the  present  one,  where  a  body  ia  brought  iuto  ])asition  only, 
without  attraction  or  repulsion. 

2500.  If  thp  power  he  induced,  it  mui^t  he  like,  generally,  to 
its  inducing  prwiouiinauls  ;  and  these  are,  at  present,  the  mag- 
netic  aud  electric  forces.  If  induced,  subject  to  the  crystal- 
line foree  (2577,),  it  must  show  an  intimate  relation  between  it 
and  them.  How  hopeful  we  may  be,  therefore,  that  the  results 
will  help  to  throw  open  the  door*  which  may  lentl  ua  to  a  full 
knowledge  of  these  powers  (2 1 40.),  and  the-  combined  manner  in 
which  they  dwell  in  the  particles  of  matter,  and  exert  their  in- 
fluence in  producing  the  wonderful  phainomcna  which  they 
present  t 

Z."!!)!.  I  cannot  resist  throwing  forth  another  ticw  of  those 
phenomena  which  may  poKtsibly  be  the  true  one.  The  lines  of 
magnetic  force  may  perhaps  be  assumed  a-t  in  some  degree  re- 
sembling the  rays  of  light,  heat,  &c. ;  and  may  find  difliculty  in 
passing  through  bodies,  and  so  be  affected  by  them,  as  light  is 
aflectcd.  'Ihey  may,  for  instance,  when  a  crystalline  body  is 
intei*poBed,  pass  more  freely,  or  with  less  disturbance,  tlirough  it 
in  the  direction  of  the  magnecrjstallic  axis  than  in  oilier  dlrec- 
tioua.  In  that  case,  Ihc  position  which  the  crystal  takes  in  the 
magnetic  field  with  ita  maguecn-atallic  axis  parallel  to  the  lines 
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of  m&^ctic  force,  ioat  be  the  position  of  no,  or  of  least  rcsut- 
aooe  ;  and  thfirefore  the  position  of  rest  and  stable  equilibrium. 
All  the  diametral  effecU  would  agree  with  this  view.  Then,  jart 
u  the  optic  axiH  is  to  a  ray  of  polarized  light,  nanielv,  the  direc- 
tioD  in  which  it  is  not  affected,  so  would  the  mA^errrstaHic 
axis  be  to  the  tiucs  of  tuagoetic  force.  If  such  were  the  ease, 
then,  al»o,  as  the  phwDomena  aro  developed  in  cryatallinc  bodies, 
we  mi-rlit  hoi*  for  the  discovery  of  a  series  of  effeets  dependent 
upon  retoixlatiou  aud  iuQueoce  in  direction,  parallel  to  the  beau* 
tifiil  phsenomena  presented  by  light  with  similar  bodies.  In 
making  thif>  nupixHiltion,  T  dn  not  forget  tlic  points  nf  inertia 
and  momentum  -,  but  such  an  idea  an  I  can  form  of  inertia  doea 
not  exclude  the  above  view  as  altogether  irrational.  1  remember 
too,  that,  when  a  ma^etir  pole  aud  a  wire  carrying;  an  electric 
current  arc  fa«tcnc<l  together,  sa  tbut  one  cannot  turn  without  the 
other,  if  the  one  be  made  axis  the  other  will  revolve  round  and 
carr>'  the  tlrit  with  it ;  aud  nlao,  that  if  a  magmct  be  floated  in 
mercury  and  a  current  &cnt  down  it,  tbo  niaguct  will  revolve  by 
the  powers  which  are  within  its  mass.  With  my  imperfect 
mathematical  knowledge,  there  seems  ns  much  difBcuIty  iu  theso 
motions  uti  iu  the  ouc  1  am  supposing,  and  therefore  I  venture  to 
put  forth  the  idea'.  1  he  hope  of  a  polarized  buudle  of  magnetic 
forces  is  enough  of  itself  to  make  one  work  earnestly  with  such 
an  object ,  though  only  in  imagination,  before  us;  aud  I  may  well 
say  that  uo  man,  if  he  take  industry,  impartiality  and  caution 
with  him  in  his  inrcstigationa  of  scicucc,  ever  works  ciperi- 
men telly  in  vain. 

2502.  1  have  already  referred,  in  the  former  piper  (3469.),  to 
Pliiekcr's  beautiful  disenvcry  and  results  in  reference  to  the 
rexjuhiion  of  the  nptic  axui  *  of  certain  crystals  by  the  mn^et,  and 
have  distinguished  them  from  my  own  obtained  with  bismuth, 
antimouy  and  arsenic,  which  are  uot  cases  of  either  repulsion  or 
attraction;  believing  then,  with  Pliicker,  that  the  force  there 
manifested  h  an  optic  aiis  force,  exerted  in  the  equatorial  direc- 
tion; aud  therefore  existing  in  a  direction  at  right  angles  to  that 
which  produces  the  magnecrystallic  phienomena. 

*  Ud  the  R«pulaoD  of  the  Optk  Axes  of  Trfrtals  hy  the  P(i3<-i  «f  n  Mn^et, 
roggvndor^i  Annalon,  to).  Ixxii.,  Oc-lolcr  lft47,  oi  Tsylgr'!  SdenliKc 
Itenoiis,  Tol.  T.  p.  363. 
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2593.  But  tlie  relations  of  both  to  crystalline  structure,  and 
tberefore  to  tKc  force  which  f»nfcrs  that  condition,  urc  must 
eridcnt.  Other  considerations  as  to  position,  set,  and  turning,  also 
show  that  the  two  forces,  so  to  say,  have  a  very  different  rclatiou 
to  each  other  to  that  which  exists  between  them  nnd  the  mag- 
netie  or  diamagnctic  force.  As,  therefore, this  ntmng  liteness 
on  the  one  hand,  and  distinct  seiinratiau  oil  the  olUei-  is  elearly 
indiented,  1  vill  endeavour  to  compare  the  two  »ct«  of  eB'cct», 
with  the  view  of  a^ertaiuing  whether  the  force  exerted  in  prO' 
duciug  tlieia  is  not  identical. 

259k  I  had  the  advantage  of  Tcnfylng  PHickcr's  results 
under  lii»  own  personal  tuition  in  rrnpcct  of  tourmaline,  ntnurolite, 
red  f  crro'pnuaiatc  of  potassa,  aud  Iceland  epar.  Since  then,  and 
in  reference  to  the  present  inf|iiirv,  I  have  curefully  esamincd 
calcan^jnti  Npar,  as  heiiifi;  tliut  one  of  the  hodius  which  was  at  the 
same  time  free  from  ninguctic  action,  and  so  simple  in  its  cry- 
atitlliiie  rehiiious  ua  to  poKseHs  but  one  optic  axift. 

;J59o.  Wheuai>iuiLLIrliomboid,ahoutU'3of  aniuchiuitsgrc&tcst 
dimension,  i»  Buflpended,  with  its  optic  niia  horizontal,  between 
the  pointed  poloH  (2ij8.)  of  tlic  electro -magnet,  approximated 
as  closely  as  tliey  can  be  to  allow  free  motion,  the  rhomboid  w;t» 
in  the  equatorial  direction,  and  the  optic  axis  coincides  with  the 
magnetic  axis ;  hnt,  if  the  polca  be  separated  to  the  distance  of 
holt",  or  tlircc-qnarters  of  sn  inch,  the  rhomboid  tnmed  through 
9U'^,  and  set  with  the  optic  axis  in  th(>  eipiatunal  direction,  and 
the  greatest  length  axial.  In  the  lirst  instance  the  diamagnetic 
force  overcame  the  optic  axis  force  ;  in  the  second  the  optic  axis 
force  was  the  stronger  of  the  two. 

^&9G.  To  remove  the  diamiu^uetic  elTect  I  used  Hat  poles 
(24C3.),  and  then  the  little  rhomboid  always  set  in,  or  vibrotcd 
about,  that  position  in  which  i\a  uptte  tt\i»  wajt  equatorial. 

2507.  I  also  took  three  cul)cs  of  calcareous  cpnr  (IfiOo.),  in 
which  the  optic  axes  were  pcrpendienlar  to  two  «f  the  faces,  of 
the  rc-spcctive  dimensions  of  0'3,  0'5,  and  0'8  of  an  inch  in  tlie 
aide,  and  placed  these  in  succession  in  the  magnetic  field,  be- 
tween either  flat  or  pointed  poles.  In  all  ca»eii,  the  optic  axis, 
if  horizontal,  puascd  into  the  eiiuwtoriitl  position  ;  or,  if  vertical, 
left  the  cubes  indilfereut  as  to  direction.  It  was  easy  by  the 
method  of  two  poeitions  (JH70.)  to  find  the  line  of  force,  which, 
being  vertical,  left  llio  mass  unaffected  by  the  magnet;  or  being 
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horixoutal,  went  into  tlie  equatorial  position ;  and  then  exami- 
ning the  cube  bj  polu-izctl  light,  it  was  found  that  this  line  coin- 
cided with  the  optic  axis. 

2698.  Krcn  the  horw-shoe  magnet  (2485.)  is  sufficiently 
strong  to  pTodncc  thc«c  ctTeeta. 

2599.  I  tried  tvo  similar  aibcs  of  rock-crystnl  (1692.),  but 
could  perceive  no  trices  of  any  phicnomena  ha\iiig  cither  inag< 
nooiitic,  or  mBi^necrystailic,  or  any  other  rduttou  to  the  crjstal- 
liue  structure  of  the  masses. 

JiJtiOO.  But  though  it  is  thus  very  ccrtuin  that  there  is  a  line 
in  a  cr^'staJ  of  ealcorcous  spar  coinciding  with  the  optic  aiiti, 
which  tine  xeenis  to  represent  the  resultant  of  the  foroes  which 
maitc  the  crystal  take  up  a  gircn  positiitn  in  the  ningnrtic  Held  ; 
and,  though  it  is  i-quully  certain  that  this  Uut*  trikrs  up  its  por- 
tion in  the  equatorial  direction ;  yet,  connidcred  as  a  line  of  force, 
i,  e.  as  representing  the  direction  of  the  force  which  places  the 
cryntal  in  that  jxisitiou,  it  seems  to  nio  to  have  something  anoma- 
lous  in  ita  eharaeter.  Por,  that  u  directing  and  dctennbing/iB* 
of  force  should  have,  aa  \tn  full  effect,  the  result  of  going  into  a 
pfane  ^tho  equatorial),  in  which  it  can  take  up  any  one  of  an 
infinite  niimbcr  of  positions  indiffercntlyj  leaves  on  imperfect 
idea  on  my  mind;  and  a  thought,  that  there  is  some  other  effect 
or  residual  phainotneua  to  l)C  reeogiuRL'd  and  aLTOuut<-d  for. 

2001.  On  further  cousidtTiition,  itu|)j>L-ars  that  aaiinplrcom- 
btnationof  the  magDCcrystallinc  condition,  as  it  e&ists  tn  bis- 
muth, will  dnpply  us  with  a  perfect  representation  of  the  state 
of  ealeart-uus  spar;  for,  hy  placing  two  equal  pieces  of  bismuth 
witk  their  mnguecrii'stalHc  axes  perpendicular  to  each  other 
(2484.),  wc  have  a  Rvstrm  of  forces  which  seems  to  possess,  m 
a  rcAultaut,  a  line  selling  iu  the  equatorial  direction.  Whcu 
that  lincis  vertical,  the  system  is,  as  regards  poaition,  indifferent ; 
but  when  horizontal,  the  system  »n  stands,  that  the  line  is  in 
the  equatorial  plane.  Still,  the  real  force  is  not  in  the  equatorial ' 
direction,  but  axial;  and  the  system  ta  moved  by  what  may  be 
connidercd  a  platif  of  axial  force  [resultant  from  the  union  of 
the  two  axes  at  right  angles  to  each  other},  rather  by  a  line 
of  ftfialoriai  forer. 

2l>02.  Doubtless,  the  rhomboid  or  eu1x!  (2597.)  of  calcareous 
spar  is  not  a  compound  rrystal,  like  the  system  of  bismuth 
crystoU  just  referred  to  (2691.) ;  but  its  moleculca  may  poaaea*! 
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a  compound  dLiposition  of  tlieir  forces,  and  ma.y  hare  two  or 
more  axes  of  ]K>vcr,  which  at  the  ftsane  time  thnt  tbpj  cause  the 
crystalline  structure,  may  exert  sHch  force  in  reUtioa  to  the 
magnet,  ta  to  give  results  iu  the  same  manaer,  and  of  the  same 
kind,  as  those  of  the  double  crystal  of  bismuth  (2001. )•  Indeed, 
tliat  there  should  Ive  but  one  axis  of  cry«talline  force,  either  ia 
tlie  particle  of  Iwluud  lipar,  or  iu  tbuse  of  hismiith,  does  not 
seem  to  me  to  he  any  way  consistent  uith  the  cleavage  of  the 
flulMtauces  in  three  or  more  directions. 

^G03.  The  optic  axi^  in  a  piece  of  ca.lc&reous  spar,  is  simply 
the  line  iu  which,  if  a  polarised,  or  ordinary  ray  of  liRht  moves, 
it  ia  the  least  ntfected.  It  may  be  a  line  which,  as  a  resultant  of 
the  molecular  forces,  is  that  of  the  least  iutcusity ;  and,  cer- 
tainly, as  regards  ordinary'  and  mrchanical  means  of  observing 
cohesion,  a  piece  of  calcjircoua  spar  is  sensibly,  and  much  harder 
OQ  the  faces  and  parts  which  arc  parallel  to  the  optic  axis,  thtui 
on  those  perkier fiicular  to  it.  An  ordinary  file  or  a  piece  of 
sandstone  sliowa  this.  So  that  the  plane  equatorial  to  the  optto 
axis,  as  it  represents  direction*  in  which  the  force  causing  cry- 
atalliiation  is  greater  iu  degree  tbuu  in  the  direction  of  the  optic 
axis,  may  also  be  that  iu  vrhicb  the  resultant  of  its  maguccry- 
stullie  force  is  exerted. 

2C*VI.  I  am  iMnnul  to  state,  oa  in  unmc  degree  in  contrast  with 
such  considcratiuns,  that,  with  bismuth,  antimony  nnd  arsenic, 
the  etcarage  u  very  facile  perpendicitlBr  to  the  magnecTysCallio 
axis  (247S.  2510.  253^.).  But  we  must  remcmbi-r  that  the 
elcnTage  (and  therefore  the  cohc^irc]  force  is  not  the  only  thing 
to  be  considered,  for  in  calcareous  spar  it  does  not  coincide  with 
either  the  axial  or  the  equatorial  direction  of  the  aubRtance  in 
the  magnetic  Beld  :  we  must  endeavour  to  look  beyond  thia  to 
the  polar  (or  axial)  condition  of  the  particles  of  the  masses,  for 
the  full  undcn-itauditig  and  true  rrtntion  of  all  these  points. 

2605.  1  am  bound,  also,  to  admit  that,  if  we  considered  culca- 
Moua  spar  as  giving  the  simple  system  of  force,  we  may,  by  the 
juxtaposition  of  two  crystals  with  their  optic  axes  at  right  angles 
to  each  other,  produce  a  compnund  mass,  which  will  truly 
zeprcsont  the  bismuth  in  the  direction  of  the  force  ;  i.  e.  it  will, 
in  the  magnetic  tield,  point  with  apparently  one  line  of  force 
onLy,  and  that  in  the  axial  direction,  whilst  it  may  be  really 
moved  by  a  system  of  forces  lying  in  the  equatorial  plane.     I 
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irilt  not  a.t  present  pretend  to  tay  that  this  is  not  the  state  of 
thiu^ ;  but  I  think,  hnvrcrrr,  that  the  metals,  biHtnuth,  anti* 
mouy  and  arsenic,  prtsi-ul  us  with  the  simplest  as  thry  do  the 
strongest  cases  of  maffQCcryataUiu  furce;  and  whctlicr  that  lie 
»o  or  not,  I  am  still  of  opinion  that  the  ph»>nomcna  diacnvcred 
by  Pliickcr  and  those  of  which  I  have  given  a,u  account  in 
these  two  papers,  have  one  common  origin  and  cauae, 

2C06.  1  weut  through  all  the  experiments  and  rcasoQtngiritli 
Plucker'9  crystals  (aa  the  carbonate  of  lime,  tourmaline,  and 
red  fcrro-prussiatc  of  potastia),  in  reference  to  the  question  oS 
original  or  indueed  power  (2570.),  u  before,  and  came  to  the 
■ame  conclusion  as  in  the  former  uatc  (2284.). 

2607.  I  c<iti>d  not  find  that  crystals  of  rod  ferro-prussiate  of 
pota^sa  or  tourmaline  were  affected  by  the  earth's  maguetiam 
(2581.),  or  that  they  had  the  power  of  affecting  each  otiier 
(2382.).  Neither  could  I  find  that  PliickeA  effect  with  eal- 
careons  apar,  or  red  feiTo-pnissiatc  of  potjmsa,  wns  cither  an 
attractive  or  rrpnlsivc  cScct,  but  one  connected  with  position 
only  [2550.  2'»60.).  ^Vll  which  circum stances  tend  to  convioeo 
me  that  the  force  active  in  his  experiments,  and  that  in  my  re- 
sults with  bismuth,  &c.,  is  the  same'. 

260B.  A  small  rhomboid  of  IrclRnd  spar  was  rained  to  the 
liighest  temperature  in  the  magnetic  Held  M'hieh  a  spirit-lump 
could  giro  (^570.) ;  it  was  at  least  equal  to  the  full  red  heot  of 
copper,  but  it  jHiinted  as  well  then  as  before.  A  nhort  tliiek 
tonrmaliue  was  healed  to  the  aaiue  degree,  and  it  also  pointed 
cqiully  well.  As  it  cooled,  howetrer,  it  became  highly  magnetic^ 
and  sccTOcd  to  be  entirely  useless  for  experiments  at  low  tem- 
peratures ;  but  on  digesting  it  for  a  few  seconds  in  nitromu- 
riatic  acid,  a  little  iron  was  dissolved  from  the  surface,  after  which 
it  pointed  sm  veil,  and  in  accordniice  with  Plilcker's  law,  oa 
before.  A  little  peroxide  upon  the  surface  had  been  reduced  by 
the  flame  and  heat  to  protoxide,  and  caused  the  magnetic 
appearances. 

'  Tbo  optic  axuu  the  direction  rtflenetoiKtie  force;  nnd  by  Plikkcr'sexpe- 
fimenid,  Mlnddiw  with  %-liKt  I  punitiitl'<riiiiny  Mttultit  utbedirejitianof  nlni- 
miim  ntgnoCTyvUllic  farce.    It  ia  more thsaprolMblutliiit,  wbnrcToriho  twn] 
•Ms  of  eJIeds  (whctbi!<r  rcnllj  nruntj-  non^anllfOilTervnl}  caohemofriiiicud  la] 
the  Miiu)  body,  tbp  diiecticdia  pf  msxinium  efFwrt,  uhI  also  tbose  Of  miulnLU 
effect,  will  b«  found  to  cuuicit^.^J^uTtnibor  23,  l&UJ. 
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260d.  TliCTc  is  a  general  and,  oa  it  appears  to  me,  iniportaiit 
relntioii  bctweai  Plucker's  Diagueto-o[)tical  results  and  tltone  I 
formerly  obtaiucd  with  Iica>'y  gla&a  and  other  bodies  (3152. 
&e.) ,  VVhcu  iiuy  of  these  IxKiiw  arc  subject  to  strong  iiiductioR 
unclt-r  the  influence  of  the  mngnetic  or  electric  forcen,  tbey  ac- 
qiiinr  Bpcciilinr  state,  in  nliicii  they  can  iiiUtiVQce  a  [lulurbiMl 
ray  of  lij-bt.  The  effect  is  a  rotutiou  of  the  my,  if  it  be 
passed  tliroufch  tbc  subHtaDcc  parallel  to  the  lines  of  magnetic 
force,  or  in  other  wonis,  in  the  axial  direction ;  but  if  it  be 
pa«8ttl  in  the  equatorial  direetiou,  no  effect  is  [Jioduced.  The 
equatorial  plane,  tbercfuie,  i»  tlint  pluac  iu  which  the  condition 
of  the  molecular  forces  is  the  least  dinturbed  as  respects  their 
influence  on  light.  So  also  in  Plilckcr'a  results,  the  optie  axis, 
or  the  optic  axeSj  if  there  be  two,  go  into  that  plane  nnder  the 
Bame  magnetic  intliieiice,  they  also  being  the  lines  in  which 
then;  ia  tlic  least,  or  no  action  on  polarised  light. 

2(J10,  If  a  piece  of  hea.vy  glass,  or  u  ]iortiou  of  water,  could 
be  brouj^dit  hofurehuiid  into  thi:a  eoustralued  conditioii,  ami  then 
placed  in  the  inapietie  tteld,  I  think  there  can  be  no  doubt  that 
it  uuuld  tuoi-c,  if  allowed  to  do  so,  and  place  itself  iiuturally,  no 
that  the  plane  ofuo  aetiou  on  light  should  becquatorial,  just  as 
I'Hickcr  shows  that  s  crystal  uf  ealeareoiia  spar  or  tourmaline 
does  iu  his  esperiincnts.  And,  as  in  Lis  case,  the  magnetic  or 
diamag^uctic  character  of  the  bodies,  makes  no  dificrcncc  in  the 
general  rcKull ;  so  iu  my  experiments,  the  optical  effect  is  pro- 
duced in  the  same  direction,  and  subject  to  the  same  laws,  with 
loth  classes  nfsuhstanctis  {2185.  21H7.). 

2011.  l)ut  though  thiu  generally  alike  in  this  great  and 
leading  point,  there  is  atill  a  vast  ditTcrcnce  iu  the  disposition  of 
the  forces  in  the  heavy  glasi«  and  the  crystal  ;  and  there  is  a  still 
greater  diflereuee  in  tluR,  that  the  heavy  glass  takes  up  iUi 
state  only  [or  a  time  by  constraint  ajid  under  iuductiou,  whilst 
the  crystal  possesses  it  fret'ly,  imlurully  and  penuancutly.  Iu 
both  cases,  however,  whether  natural  or  induced,  it  in  a  state  of 
the  particles ;  and  comparing  the  effect  on  light  of  the  glass 
under  constraint  with  that  of  the  crystal  at  liberty,  it  indicates 
a  power  iu  the  louguet  uf  inducing  something  like  that  condition 
in  thi!  particles  of  matter  which  is  ncecssarj-  fovcrj-stallization; 
and  tltat  even  in  the  particles  of  tluida  (2184.). 

2612.  If  there  be  any  weight  in  these  coDsidemtioua,  and  if 
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the  forces  manlfeKted  in  the  crystals  of  hiBmutli  nnd  Iceland 
spar  be  the  same  [2607.)>  tlicn  there  is  further  reason  for  be- 
lieving that,  in  the  cufic  uf  bismuth  and  the  other  metals  numcd, 
there  is,  when  tber  arc  aubjcctcd  to  the  power  of  the  magnet, 
both  au  induced  condition  of  force  (358-1.),  and  also  a.  pro-ex- 
isting force  (2577.).  The  latter  may  be  distinguished  as  the 
crystalline  force,  and  is  shown,  first,  by  such  bodies  exhibiting 
optic  axes  and  lines  of  force  when  not  under  indtiction  ;  by  the 
symmetric  condition  of  the  whole  mass,  produced  under  eircum- 
stances  of  ordinary  occurrence ;  and  by  the  fixity  of  the  line  of 
ma^eciystsUic  force  in  the  Ixjdies  shovu  experimentally  to 
t>ossc>i8  it. 

S613.  Though  I  have  spoken  of  the  magnccrystallie  axis  as  a 
^vCQ  tine  or  direction,  yet  I  would  iiut  nish  to  be  understood 
KB  supposing  that  tlic  force  decreases,  or  state  cluinges,  in  an 
!  cqaal  ratio  nil  round  Ironi  it.  It  is  more  pniliabte  tlmt  the 
variation  is  different  in  degree  in  different  direetiims,  dept-ndent 
on  th<^  powers  which  give  dilVcieuee  of  form  to  the  eryatals. 
The  knowledge  of  the  dinpOHition  of  the  force  can  be  ascertained 
minntely  hereafter,  by  the  use  of  good  crystals,  an  \mchangeable 
ordinary  magnet  (SM85.  2528.),  or  a  regnlated  clectro-raagnetj 
flat-faced  poles  {216:J.)^  a^^  torsion  (2500.  2530.}. 

2G14.  I  cannot  conclude  this  series  of  rfsearehea  without 
remarking  how  rapidly  the  kuowledge  of  molecular  forces  grows 
Upon  MS,  and  how  strikingly  every  inveotigation  tends  to  decclope 
more  and  more  tbelr  importance,  a»d  their  extreme  attraction 
u  an  object  of  study.  A  few  ycnrM  ago  maguetiMm  was  to  lis  an 
occult  power,  affecting  only  a  few  bodies;  now  it  is  found  to 
influence  all  bodies,  and  to  possess  the  most  intimate  rclationa 
with  nlcctricity,  heat,  chemical  action,  light,  crystallization,  ajidj 
through  it,  with  the  forces  concerned  in  cohesion ;  and  we  may, 
in  the  present  state  of  things,  well  feel  urged  to  continue  in 
our  labours,  encouraged  by  tlie  hope  of  bringing  it  into  a  bond 
of  union  with  gravity  itself. 

Rotfal  InsUtvttoR. 
October  20,  1848. 
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11.  ri.  Note. — On  the  position  of  a  cry^al  of  mtphate  of  iron  in 

thi  magnelic  field. 

R«c«dT«d  DecemW  7,  l^is  —  ltt«,|  Drcembw  7, 1848. 

Fiff.fi. 

2615.  Though  effccta  of  tlie  following 
natnre  arc  gciieral,  yet  I  think  it  coii-' 
vcnii-nt  to  rtnte  that  1  obtained  them: 
chii:fiy  hy    ihc  use    of  magnetic    poles 
(1^2-l'r.)j  the  form  of  which  is  given  in 
the  plan  and  side-view  anucxcd  (fig.  6.).( 
The  crystals  suhmitted  to  their  rtctiou ; 
were  susjjendcd  by  coeoon  silk,  so  as  to 
be  level  with  the  upjicr  surface  of  the  poles, 

2616.  .'V  iirismatic  crystal  of  protostdphate  of  iron  waa 
selected,  which  waa  nearly  0'E>  of  an  inch  in  length,  O'l  in. 
hrendth,  aud  0-05  in  thickness  ;  by  examination  the  magneery- 
stiilHc  nxis  was  found  to  coincide  with  the  thickness,  and  there- 
fore to  be  pcr|)rndicii!ar,  or  nearly  so  (2i540.),  to  the  plate. 
Being  suspended  as  above  drscribetl,  and  the  ma^ict  (2217.) 
escitod  by  ten  pair  of  Cirovc's  plates,  the  crystal  wtood  trans- 
TerMj  or  vrith  it«  mapttcrj/staHic  axis  parnllcl  ro  the  axia  of 
magnetic  force,  when  the  diatance  between  the  poles  was  2'25 
inches  or  more;  but  when  the  distance  was  about  2  inches  or 
lesti,  then  it  stood  with  its  length  axial,  or  nearly  so,  and  its 
magnccni'stallio  axis  tbercfurc  transverse  to  the  liueJi  of  magnetic 
force.  In  the  intermediate  distances  between  2  aud  2'25  iuchcs, 
the  prism  nMsiinicd  an  obliijuc  position  {2G^i.),  more  or  less 
inclined  to  the  axial  line,  and  so  passing  gradually  from  theone 
position  to  the  other.  This  intermediate  distance  I  will  for  the 
present  call  «  (neutral)  distances. 

SGir.  If  the  poW  be  2  iucUes  apart  aud  the  crystal  be 
graflually  lowered,  it  patwcs  through  the  same  intermediate 
obliciufi  [insitioiis  into  the  traiiBvcrse  poHition ;  or  if  the  crystal 
be  raised,  the  sumu  truusitiuus  occur ;  at  any  less  diiitaucc  ihe 
changes  are  the  same,  hut  later.  They  occur  more  rapidly 
when  the  crj'j'lal  is  raised  than  when  it  is  lowered;  but  this  is 
only  because  of  the  un»ymmctric  disposition  and  intensity  of  the 
lines  of  magnetic  force  lu-ouncl  the  magnetic  axis,  due  to  the 
horse-shoe  form  of  the  magnet  and  shape  of  the  poles.     If  two 
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cylinder  magnets  with  equal  conical  tfrminations  were  employed, 
tberc  is  no  doubt  that  for  equal  amounts  of  elevation  or  dc- 
prcssioD,  corrcsponduig  cluuiges  would  take  place  Id  the  position 
of  tlie  crystal. 

2618.  These  change*  however  are  not  dne  to  mere  diminution 
of  the  magnelie  t'orce  hy  diataucc,  but  to  diHrrcnccs  tntbe/oruu 
or  direcfiott  of  the  resultants  of  force.  Tbia  la  shown  by  the 
fact  that,  if  tho  crystal  be  Icl^  id  ita  lirst  position,  and  so  point- 
ing with  tlie  length  nxially,  no  diminution  of  the  force  of  the 
tnaguet  altcn  the  position ;  thus,  whether  one  or  teu  pair  of 
plates  be  u»cd  to  exciie  the  maguet,  the  n  distance  (2C16.) 
remains  unchanged  ;  and  even  descending  to  the  use  of  an  ordi- 
nary horac-shoc  magnet,  I  have  foniuL  the  same  result. 

2619.  Variation  in  the  length  of  the  prismatic  crystal  has  an 
important  influence  over  the  result.  As  the  crystal  is  shorter, 
the  distuncc  n  diminiahcs,  all  the  other  phenomena  remaining  tho 
Bsme.  A  er>'!ital  0-7  of  uu  inch  lon^;,  bat  thicker  thuu  tht-  last, 
bad  for  its  moJiimuui  n  distauec  1'7  iuch.  A  still  shurtcr  crys- 
tal had  for  its  maximum  n  distance  I'l  inch.  In  all  thcite  coses 
variation  of  the  force  of  the  nittgucl  caused  no  scntiible  change. 

2C>'2Q.  Variation  in  thftt  dimension  of  the  crystal  coineideut 
with  the  maguecrystallic  axis  alTected  the  n  distance  :  thus,  in- 
crease in  the  length  of  the  magnccrvflL-illic  axis  diminished  tho 
distance,  and  dimmutiou  of  it  in  that  direction  increased  the 
distance.  This  was  shown  in  two  ways;  first,  by  placing  a 
second  prismatic  crj'stal  by  the  side  of  the  former  in  a  sym- 
metric position  (26116.),  nhiL-h  n-dui-ctl  tlic  wdiatimcc  to  t)ctwcen 
1-75  and  2  inches  ;  and  next,  by  employing  two  crystals  in  suc- 
cession of  the  eame  length  but  different  thicknesses.  The 
thicker  ono  had  the  smaller  n  distance. 

3G2i.  Variation  in  the  depth  of  the  crystal,  i.  e,  it-s  vertical 
dimension,  did  not  produce  any  smniblc  effect  on  the  n  di- 
stance :  nor  by  theory  should  it  do  so,  until  the  extension  up- 
wards or  downwards  brings  the  upper  or  lower  part*  into  the 
condition  of  raised  or  depressed  portions  (2617.). 

2622.  Variation  in  the  form  of  the  \xAe»  affects  then  distance. 
A»  they  are  more  acute,  the  distance  increases  ;  and  as  they  are 
more  obtuse  up  to  flat-fuccd  poles  (2-163.},  the  distance  dimi< 
uUhes, 

2623.  With  the  shorter  crystals,  or  with  obtuse  poles,  it  is 
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often  nccrssary  to  dimiuisli  the  power  of  tbe  mafraet,  or  t-isc 
tho  cpyatal  is  liable  to  be  drawn  to  tho  ouc  or  other  pole.  Tlii», 
however,  mny  be  avoided  by  employing  a  vcrticnl  axis  whirh  is 
confined  below  as  well  as  above  (2554.) ;  and  tben  the  differenoB 
in  strength  of  the  magnet  is  shown  to  be  indificront  to  the 
results,  or  i-ery  nearly  co. 


2624.  ThcKc  cflccls  may  probably  be  due  to  tlic  essential 
difference  which  exists  between  the  ordinary  mngnetic  and  the 
magiiccrystallic  action,  In  that  the  first  hjiolar,  and  the  second 
only  agial  (2-172.)  in  character.  If  a  piece  of  magnetic  matter, 
iron  for  instance,  be  in  the  magnetic  field,  it  immediately  be- 
comes polar  (i.  e.  has  terminationn  of  dillercnt  qnalitics).  If 
many  iron  particles  be  there,  they  all  become  p()lar;  and  if  they 
he  free  to  move,  arrange  tLcmsehea  in  the  direction  of  the  atial 
line,  being  joined  to  each  other  by  contrary  poles  ;  and  by  that 
the  polarity  of  the  extreme  particlca  is  iucreaacd.  Now  this 
docs  not  appear  to  be  at  all  the  case  with  particles  under  the 
influence  of  the  magnccrj'stallic  force ;  the  force  aeema  to  be 
altogether  axial,  and  hence  probably  the  difference  above,  and 
in  many  other  results. 

2Ct2o.  Thus,  if  fonr  or  more  little  cuhca  of  iron  be  suspended 
in  a  magnetic  field  of  equal  force  (24Go.),  they  will  become 
polar;  if  also  fonr  similar  cubes  of  CTVBtalhzcd  bismuth  be  simi- 
larly circnmotaneed,  they  will  be  affected  and  point.  If  the 
iron  cubes  be  iirrangcd  together  in  the  direction  of  the  equatorial 
line,  they  will  form  an  aggregate  in  a  position  of  unstable  equi- 
librium, and  will  immediately,  as  a  whole,  turn  and  point  with 
the  length  a.tially ;  whorcaa  the  bismuth  cubes  by  such  approxi- 
mation will  sufTer  no  scnaiblc  change. 

2626.  The  erlrrme  (and  the  other)  associated  cubes  of  the 
elongated  iron  arrangement  now  have  a  polar  force  alwve  that 
which  they  had  before ;  and  the  whole  group  serves,  as  it  were, 
as  ft  condnctor  for  the  lines  of  magnetic  power;  for  many  of 
tlicm  concentrate  upon  the  iron,  and  the  intensity  of  power  is 
much  stronger  between  the  ends  of  the  iron  arrangement  and 
the  magnetic  polca,  than  it  ia  in  other  part*  of  the  magnetic 
Held.  Such  is  nut  the  cu»c  with  the  bismuth  cubes ;  fur  how- 
ever they  be  arranged,  the  intensity  of  force  in  the  magnetic 
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field  is,  a«  fiir  &s  expciimeuU  liavc  yot  gnoc,  nnaffoctcd  by 
them ;  and  the  int«Daity  of  the  molcciUes  of  the  crystals  nppeaiB 
to  remain  the  sann".  Hence  the  iron  staiida  Icngtliways  hctweeii 
the  poles  ;  the  bismuth  crystals,  on  the  coutrury,  whether  ar- 

igcd  side  fay  tide,  as  respects  the  tnagiiDcrystaUic  axis,  so  as 

stand  as  to  length  equatorinlly  ;  or  cud  to  end,  «o  as  to  itand 
Bxially,  arc  perfectly  indifferent  in  tliat  respect,  vibrating  and 
su-ttiog  cfiiially  Ixith  ways. 

26^7.  A  given  piece  of  iron  nhcn  introdaced  into  a  field  of 
equal  magnetic  force,  and  brought  towards  the  pole,  adheres  to 
it  and  (ItRtuH)!)  the  inteimty  of  the  field,  producing  a  pointed 
form  of  pole  iit  one-  part  irith  diverging  liitr!<  of  force:  a  cry- 
stal of  biimuiU  vibrates  with  scusibly  equal  fijrce  in  every  part 
of  the  field  (^Ki7.),  and  does  not  disturb  the  distribution  of  the 
power. 

2638.  Considering  all  these  actions  and  conditions,  it  appears 
to  mo  that  the  occurrence  of  the  ji  distance  with  a  body  which 
ia  at  the  same  time  magnetic  and  inagiiccrystallic,  may  be  traced 
to  that  which  causes  them  and  their  diQ'crenccs.  namely,  the 
pclariltj  belonging  to  the  magnriic  condition,  and  the  axialUy 
belonging  to  the  niagnecnp'stallic  condition.  Thus,  suppose  an 
unifonn  magnetic  field  tbrec  iuclies  from  pole  to  pole,  and  o  bar 
of  maguctie  matter  nn  inch  long,  suspended  in  the  middle  of  it ; 
by  virtue  of  the  polarity  it  acquires,  it  wUl  point  axtntly,  and 
carry  on,  or  couduct,  with  its  mass,  the  magnetic  force,  so  much 
better  than  it  was  conducted  in  the  same  oyioce  bcfurc,  that  the 
lines  of  force  between  the  ends  of  this  bar  aud  the  magnetic 
poles,  will  be  concentrated  and  made  more  intense  than  any- 
where else  in  the  magnetic  field.  If  the  [)oIes  ho  msdc  to 
approach  towanl»  the  bar,  this  effect  will  increase,  and  the  bar 
will  conduct  more  and  more  of  the  magnetic  force,  and  point 
with  pnipartionatu  intensity.  It  is  not  mcrcrty  thnt  the  magnetic 
field  becomes  more  intense  by  the  approxioiation  of  the  poles, 
but  the  proportion  of  fon'c  carried  on  by  the  bar  become 
greater  as  com[>arcd  to  that  conveyed  onwards  by  an  equal  apace 
in  the  magnetic  licld  at  its  side. 

2629.  But  if  a  similar  bar  of  maguccrystallic  substance  be 
placnl  in  the  magnetic  field,  its  power  does  not  ri»c  in  the  same 
manner,  or  in  the  same  great  proportion,  hy  approximation  of 
the  poles.    There  can  be  no  doubt  that  such  approximation  in- 
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crcasM  the  intensity  of  the  lines  of  force,  and  therefore  inercaaca 
the  intensity  of  the  nuigncto-crj'stallic  stftto ;  but  this  state  does 
not  appear  to  be  due  to  polarity,  and  llie  bar  does  not  couvey 
more  power  through  it  than  is  cimveyetl  onwards  elsewhere 
through  AD  equal  Bpace  in  thL-  maKnetic  field.  lU-uct;  ita  diiec- 
tivc  force  does  not  iucrcasc  iu  the  sauie  rapid  dci^rce  oa  the 
directive  force  of  the  magiu'tic*  bar  just  rfferred  to. 

2G30.  If  thcu  nc  tftkc  a  bar  uhieh,  like-  a  prism  of  sulphate 
of  iron,  is  magnetic,  and  also  magnecrystallic,  having  the  mag- 
iiccr>'stallic  axi«  pcrpciulicnlar  toils  length,  such  a  bar,  properly 
euspcudcd,  ou^ht  to  have  ao  «  distamx"  of  the  pole»,  withiD 
whit'h  the  forces  oiifjht  to  be  nearly  in  eqiiililmiini;  whilst  at  a 
greater  distauee  of  the  pales,  the  magnecrj'stalUc  foree  ought 
to  jiredoniiiiate ;  and  at  a  lesger  distance,  the  magnetic  force 
ought  to  have  tbe  advantage ;  simply,  becauite  the  magnetic 
forcCj  in  consequence  of  the  true  polarity  of  the  molecules, 
grows  lip  more  rapidly  and  diminishca  more  rapidly  tlian  the 
magnetO'Crv'stallic  force. 

2631.  Thi.s  view,  also,  is  consistent  with  the  fart  that  variation 
of  the  force  of  the  mngnet  d<ics  not  ufl'eet  the  «  distance  (2018. 
SGIH.);  for,  niii'iUer  tlic  fort-e  hedouWcd  or  (pimlnipled,  both 
the  magnetic  and  magneto-erystallic  tbrcps  are  at  ihe  same  time 
doubled  or  quadrupled  ;  and  their  proportion  therefore  remains 
the  same. 

2GZ'i.  The  raising  or  lowering  of  the  crystal  above  or  below 
the  line  of  msxinnim  mag-nctic  force  is  mutifestly  equivalent  in 
principle  to  the  separation  of  the  magnetic  pole»  ;  and  therefore 
xhuuhl  produce  cor  res  pun  ding  effects:  and  that  is  the  case 
(2C17-).  Besides  that,  when  the  crystal  is  raised  above  the  level 
of  the:  polea,  such  resultants  of  magnetic  force  ss  paas  through 
it,  are  do  longer  parallel  to  its  length,  but  more  or  less  curved, 
HO  that  tlif'y  probably  cannot  act  with  the  same  amount  of 
power  in  tlirowing  the  whole  crytsal  into  a  consistent  polarized 
magnetic  condition,  as  if  they  were  parnllel  to  it :  whereas,  us 
respects  the  induction  of  the  niagticLa-cr^-stallic  condition,  each 
of  the  particles  appears  to  be  affected  independently  of  the 
otherx;  and,  therefore,  nny  loss  of  BU  effect  dcpcndcut  upon 
joint  action  woidd  not  be  felt  here. 

ZGi'}?.  M.  I'liickrr  told  me,  when  in  England  in  August  last, 
that  the  repulaivu  force  ou  the  optic  axis  diminishes  and  in- 
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creases  lew  rapidly  tlian  the  ma^ctic  force,  by  change  of  di- 
atance;  but  is  uot  filtered  iu  its  proportion  to  1hi>  mn^ecic 
Ibrcc  by  employing  a  stronger  or  weakt-r  magnet.  This  is 
matiifcstly  the  some  effect  as  that  I  have  been  descrihing ;  and 
makes  mc  still  more  thoroughly  persuaded  that  his  results  and 
mine  are  due  to  one  and  the  same  cauBC  {3<)05.  3(jU7.). 


S634.  I  Iiarc  said  that,  within  the  n  distanoe,  the  crystal  of 
jRuljihnte  uf  iron  pointed  more  or  k-ss  ubliqucly  (2616.)  ;  I  will 
'  noir  state  morp  {uu-ticulnrly  what  the  circumstatiers  arc.  If  the 
distance  n  be  so  adjusted,  that  the  prismatic  crvstal,  vbich  is  at 
the  time  lictwccn  thr  niapirtio  poles,  nhall  mnkc  an  angle  of 
SO^  (or  auv  ijuuntity)  with  the  uxiul  liucj  tlicu  it  will  be  found 
that  there  is  another  stable  position,  namely,  the  diametral  posi- 
tion (S-UIl.},  in  nhieh  it  (!an  Ntanil ;  but  that  the  oblicpiity  is 
always  on  the  same  side  of  the  axial  Hue;  and  that  the  crystal 
wLU  not  stand  with  the  like  obliquity  of  30°  on  the  opposite 
aide  of  the  magnetic  axis. 

2635.  If  the  crystal  be  turned  l8Cf  round  u  vertical  axis,  or 
end  for  cud,  then  the  iuclinatiou,  and  the  dircctiou  in  which  it 
occurs,  remain  unchanged;  iu  fact,  it  is  simply  gi^'iag  the 
crystal  the  diametral  [wisition.  But  if  the  crystal  be  revolved 
IBO^  round  a  horizontal  axis;  cither  that  cuiuciditig  with  its 

[-length,  which  represents  its  inaximnm  maj^ctic  direction ;  or 
that  corresjmnding  with  its   breadth,  and  tlierefure  with  the 
InagnpciTstallie  axis;  then  the  iiicUtialiou  is  the  same  in  amount 
I  befurc,  but  it  is  on  the  oilier  side  of  the  axial  liuc. 

2636.  This  is  the  ease  with  all  the  prismatic  crystals  of  sul- 
phate of  iron  which  1  have  tried.  The  effect  is  very  determinate  j 
and,  as  would  he  expected,  wheu  two  erytttals  correspond  in  the 
direction  of  the  inclination,  they  also  correspond  lo  the  position 
of  their  form  and  direction  of  the  various  planes. 

2037.  All  these  variations  of  position  iudicate  au  oblique 
resultant  of  setting  force,  derived  from  the  joint  action  of  the 
magnetic  and  magneerj'Btallie  forces ;  and  would  be  explained 
by  the  supposition,  that  the  uiagnecryMallic  axis  or  line  of 
maximum  magnecrystallic  force,  was  not  perpendicular  to  the 
chief  planes  of  the  crystal  (or  those  terminating  it},  but  a  Uttlc 
inclined  in  the  dircctiou  of  the  Icugth. 
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2C38.  Wliether  this  he  the  cue,  or  vhether  the  mnximum 
Hue  of  magnetic  force  may  not,  crcn,  be  a  little  inclined  to  the 
leut^th  of  the  prism  ;  atill,  the  »  distance  aiippties  aa  excellent 
cxpeiimcntul  uiipottimity  of  cxamiuiug  this  iucliuution,  Low- 
ever  »mnll  its  <)URntity  may  be ;  bof^atiEie  of  the  facility  with 
which  the  iuDiiriice  of  I'ithcr  the  one  or  the  other  may  he  made 
predominant  in  any  required  degree. 

Rogal  Inatittttion, 
December  5,  l&W. 

2639.  Sote.  (2591.)  Another  supposition  miiy  be  thrown  out 
for  consideration.  I  haTC  already  said  that  the  astmiuptiou  uf 
a  racrc  axial  rendition  {2t>%7.  3591.)  woiiUl  account  for  the  set 
without  utlructitiu  or  rcpulsiou.  Now  if  wk  suppoac  it  poHnible 
that  the  molecules  should  become  polar  in  relation  to  the  north 
and  south  poles  of  the  magnet,  but  with  no  mutnal  relation 
amontfgt  lhniigehe»,  thcu  tlie  bimunth  or  other  crystal  might  set 
as  if  induced  ■with  mere  asiiil  power:  hut  it  seems  to  me  very 
improbable  that  polarities  of  a  given  particle  in  &  crystal  should 
he  subject  to  the  influence  of  the  polarities  of  the  diatant 
magnet  poles,  uiid  not  alao  to  the  like pQlaritics  of  the  contigu- 
ous particles. — January  24,  1849. 
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TWENTY-THIRD  SERIES'. 

^  29.  On  tite  polar  or  other  candition  of  diamai/netic  bodies. 

lUMiTed  Jamu;  Ij— B«i>d  UarcU  7  and  U,  18C0. 

2A10.  Kora  yean  tgo  I  niggested  that  all  the  pheenomeiui, 
presented  by  diama^etic  bodies,  vbcn  subjccttil  to  the  furcca 
in  the  magnetic  field,  might  \hs  accouotcrl  for  hj  assuiniug  that 
tXicy  tbcQ  ]>osacsacd  &  polarity  the  same  in  ktud  as,  but  the  re- 
Tcne  in  direction  of,  that  acquired  by  iron,  nickel  and  ordimuy 
mngnetic  liodics  under  the  same  circiirastnnccs  [2-129.  2430.). 
This  view  wa*  received  so  favourably  by  Pluckcr,  Reidi  and 
olherij  and  above  all  by  W.  Wcbcr*,  that  I  had  great  bopen  it 
would  be  confinucdj  aud  thotij;h  certain  cxpcriineuta  oi  ray 
own  (2-197.)  did  not  increase  that  hope,  still  my  desire  aad  cx- 
jtectatioH  were  in  thai  direction. 

2641.  Whether  bismutli,  eoppcr,  phosplioru«j  &c.,  wticu  iu 
tlie  magnetic  field,  arc  polar  or  not,  is  however  an  exceedingly 
itoport&nt  question  ;  and  very  essential  and  great  difTcrcncea,  iu 
tke  mode  of  action  of  these  bodies  under  the  one  view  or  the 
other,  must  be  conceived  to  exist.  1  found  that  in  every 
cndenvoor  to  proceed  by  induction  of  experiment  from  that 
which  is  known  in  this  dcpartracnt  of  scicnrc  to  the  unktiovrn, 
so  much  uncertainty,  hesitation  uiid  discomlbrt  aroM:  I'rfjm  the 
umctllcd  state  of  my  mind  on  this  point,  that  I  dctcrmiucd,  if 
posuble,  to  arrive  at  soma  experimental  proof  either  one  way 
or  the  other.  Thbi  was  the  mure  uecdtul,  because  of  the  con- 
clunon  in  the  affirmative  to  which  Weber  had  come  iu  his  very 
philoaophical  paper;  and  so  important  do  I  think  it  for  the 
progress  of  science,  that,  in  those  imperfectly  dcvclojicd  regions 
of  knowledge,  vbich  form  its  boimdarict,  our  conelusiona  oud 
deductions  should  not  go  far  beyond,  or  at  all  events  not  aside 

t  Philotoyliiwl  Tr«iuacti«DB,  1850,  p.  171. 

'  Poggcadoiff's  AtitialpD,  January  7,  I8i8,  oc  Taylor's  ijcieoUfic  ]lleaiuiii» 
».  tA77. 
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from  tlie  results  of  eipcrimeiit  (except  a»  stippositionH),  tliat  I 
do  not  Iiesitate  to  lay  my  present  lahoura,  though  they  arrive  at 
a  nt^atjvc  result,  before  the  Uoyal  Society. 

S6'12.  It  oppcfired  to  me  that  many  of  the  results  which  had 
been  supposed  tn  indicate  a  polar  couditton,  were  only  conse- 
queueeH  uf  till-  law  thut  Uiaiiiu^uetic  bodies  teud  to  ^u  from 
atrougcr  to  weaker  places  of  action  (34'18.)  ;  others  again 
appeared  to  have  tlicir  origin  in  induced  currents  (2<>.  3338.) ; 
and  further  cuiimdcratlon  seemed  to  indicate  that  the  ditrerenecB 
between  these  modes  of  action  and  that  of  a  real  polarity, 
whctlicr  magnetic  or  dinmagnctic,  might  st-xvc  as  n  fouudatioiLj 
on  v-hich  to  base  a  mode  ul'  investigation,  and  also  to  con^tnicti 
an  apparntna  that  might  give  iiscfnl  conclnsioris  and  resulti)  in 
respcet  uf  this  intiuiry.  Fur,  if  the  polarity  exists  it  must  he  in 
tbe  particles  and  for  the  time  permanent,  and  therefore  dis- 
tinguishable from  the  niomcntnrT  polarity  of  the  ma-ss  due  to 
induced  temporary  currents  ;  and  it  must  also  be  distinguishable 
from  ordiunry  magnetic  polarity  by  its  coatrary  direction. 

2Gt3.  A  slraight  wooden  lever,  U  feet  in  length,  was  fixed  by 
an  axis  at  one  end,  and  by  means  of  a  crsnk  and  wheel  made  to 
vibrate  in  &  horizontal  plane,  so  that  its  free  extremity  passed 
to  and  fro  through  about  2  inches.  Cylindrra  or  cores  of 
metal  or  other  snhatances,  ijj  inches  long  and  three  <]uaj*tcrs  of 
an  inch  diameter,  vcru  fixed  in  succession  to  the  end  of  a  brass 
rod  2  feet  long,  which  itself  was  altached  at  the  olherend  to  the 
moving  extremity  of  the  lever,  no  that  the  cyliudem  could  he 
moved  to  and  fro  iu  tlie  direction  of  their  Icugtli  through  the 
space  of  3  inches.  A  large  cylinder  electro-magnet  watt  also 
prepared  (2191.),  the  iron  core  of  which  wa«  21  inches  long, 
and  IT  ineh  in  diameter;  but  one  end  of  this  core  was  mtidc 
smaller  for  the  length  of  1  inch,  being  in  that  part  only  1  inch 
in  diameter. 

3644.  On  to  this  reduced  part  was  fixed  a  hollow  helix  con- 
sisting of  516  feet  of  fine  covered  copper  wire  :  it  was  3  inchc* 
long,  2  inches  external  diameter,  and  1  inch  internal  diameter : 
wlieu  iu  its  place,  1  iuch  of  the  central  Hpacc  waa  oeeupicxl  by 
the  reduced  end  of  the  elect ro-mjignet  core  which  carried  it;  and 
the  magnet  and  belix  were  both  placed  concentric  with  the 
metal  cylinder  above  mentioned,  and  at  such  a  distance  that  the 
latter,  in  its  motion,  would  move  within  the  helix  in  the  di- 
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rcction  of  its  axis,  approacliing  to  and  receding  from  the  electro- 
magaet  in  rnpid  nr  Mow  sucoe-ssion.  The  loast  aud  g^rcatest 
diMtanccs  of  the  moving  cylinder  from  the  miif^uet  diiriu^  the 
journey  were  oiiceigtlii  of  an  iueli  and  ^'ii  inches.  The  object 
of  course  was  to  observe  any  influence  upon  the  experimental 
helix  of  fine  wire  which  the  metal  cylinders  might  cxertj  cither 
vhtlst  moving  to  or  from  the  laugaet,  or  ut  dificreut  distances 
from  it '. 

3045.  The  cstremitits  of  the  experimental  helix  wire  were 
coonectcd  with  a  very  delicate  galvanometer,  placed  18  or  20 
feet  from  the  macbiuc,  kq  ob  to  be  unaffected  directly  by  the 
electro- magnet ;  but  a  eommutator  was  interposed  between 
them.  This  commutator  was  moved  by  the  woodeu  lever 
(2G-t3.),  and  as  the  cleetrie  currents  which  would  arrive  at  it 
from  the  experimental  helix,  iii  a  complete  cycle  of  motion  or  to 
and  fro  action  of  the  metal  cylinder  {2643.),  would  consist  of 
two  contrary  portions,  so  the  office  of  this  eommutator  was, 
Hometimcii  to  take  up  these  portionti  in  fiucccssioii  and  send 
them  on  in  one  consistent  current  to  the  galvanometer,  and  at 
other  times  to  oppose  them  and  to  ncutrnlijic  their  result;  ond 
therefore  it  was  made  adjiistiblc,  so  as  to  change  at  any  period 
of  the  time  or  part  of  the  motion. 

2(J16.  With  such  an  arrangement  as  this,  it  is  knomi  that, 
however  powerful  the  magnet,  and  however  delicate  the  other 
parts  of  the  apparatus,  no  effect  will  be  produced  at  the  gal- 
Timometcr  as  long  aa  the  magnet  docs  not  change  in  force,  or  in 
its  action  upon  neighbouring  bothea,  or  in  ita  distance  from,  or 
relation  to  the  experimental  helix;  but  the  introduction  of  a 
piece  of  iron  into  the  hcdix,  or  anything  else  that  cfin  influeucc 
or  In-  influenced  by  the  magnet,  can,  or  ought  to,  show  a  corro- 
sponding  influence  upon  the  helix  and  galvajiunietcr.  My  ap- 
paratus I  should  imagine,  indeed,  to  be  almotit  the  »ame  in 
principle  mid  practice  as  that  of  M.  Weber  (2640.),  except  that 
it  gives  rac  contrary  results. 

:26'1'7.  But  to  obtain  correct  conclusions,  it  u  most  essential 
that  citretne  precaution  should  he  taken  in  relation  to  many 

'  It  fi  Tory  pnibuble  that  if  thi>  ni<itiil«  w«n>  nmdu  Into  in-IIndon  nhnrur, 
but  of  Inr)^>dimiii't<;r  tbiui  ihaao  divicribvil  above,  u»l  used  wiUi  a  Ciittv- 
Kpondiug  widtT  helix,  bt)tt«r  i«ault8  iliaa  tliow  I  hav»  obtuined  would  bo 
acquired. 
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points  wtiich  at  firat  maj  seem  tiniiu{}ortaut.  All  parts  oE  tbo 
uii{>aratua  abould  bare  perfect  atcutliuesa,  ami  1>e  fixed  almost 
witli  the  care  dnc  to  an  nstronomico.!  instnimcnt ;  £ur  any 
motion  of  any  portion  of  it  is,  from  the  constructiou,  sure  CO' 
ayuclironize  with  the  mution  of  the  commutator  ;  aud  ]iortioiLa 
of  effect,  inconccirablr  small,  an:  thcii  gathi-rcd  ui*  and  made 
nuu)ifc«t  as  a  wbolc  ut  tbc  gblvauometer ;  aud  thus,  without'' 
care,  crrore  might  be  taken  for  real  aud  correct  results.  Tlicrc- 
fotc,  in  my  arrangements,  the  machine  (2613.  &c.),  tbc  lungnct 
and  helix,  and  tbc  galvanometer  stood  upon  acpcirate  tnhle.i,  and 
these  again  upon  a  stone  floor  hid  upuu  the  earth  ;  and  tlic 
tabic  carrying  the  machine  waa  carefully  strutted  to  ncigbbour- 
iog  etone-work. 

36-t8.  Again,  the  apparatus  should  itself  he  perfectly  firm 
and  without  shake  in  its  motian,  and  yet  easy  aud  free.  No  iron 
should  be  employed  in  any  of  the  moving  part«.  I  have  npringa 
to  receive  and  conrert  a  portion  of  tbc  momentum  of  the  whole 
at  the  end  of  the  to  and  fro  journey  ;  but  it  is  essential  that 
these  should  be  of  hammered  brass  or  copper. 

2649.  It  iti  nbsotutuly  necessary  thiit  the  cylinder  or  eore  in 
its  motion  should  not  in  tlie  least  degree  disturb  or  shake  the 
experimental  helix  and  the  maf^uet.  Such  a  shake  may  cosily 
take  place  an<l  yet  (without  much  c\pcrirncr)  not  bc  perceived* 
It  a  important  to  have  the  rorcs  of  siicii  bodies  as  bisatuthj 
phosphorus,  copper,  &e.,  as  Urge  as  may  bc,  but  I  have  not  found 
it  safe  to  have  less  than  one-eighth  of  an  inch  of  sjiace  between 
them  and  the  interior  of  the  experiinental  helix.  lu  order  to 
float,  as  it  were,  the  core  in  the  air,  it  is  convenient  to  suspend 
it  ill  the  bight  or  turn  of  a  fine  copper  wire  pasMing  once  round 
it,  tbc  cndit  of  which  rue  up,  and  are  luudc  fast  to  two  fixed 
points  at  equal  heights  but  wide  apart,  so  that  the  wire  bos  a 
V  form.  This  suspension  keeps  the  eore  parallel  to  itself  in 
cveiy  part  of  its  motion. 

^630.  The  magnet,  when  excited,  ia  urged  by  an  electric 
current  from  five  pairs  of  Grove's  plates,  and  is  then  very 
powerful.  WTieu  the  battery  is  not  connected  with  it,  it  still 
remains  a  magnet  of  feeble  power,  and  when  thus  employed  may 
be  referred  to  as  in  the  rea'uhtal  state.  If  employed  in  the 
residual  state,  its  power  may  for  the  time  be  considered  con- 
stant, and  the  cxpciimcntol  helix  may  at  any  moment  bc  con- 
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nectcd  with  the  ^Ivanoraeter  without  Any  current  appearing 
there.  But  if  the  magnet  l>e  employed  in  the  cicited  stnte, 
certain  importnut  precautions  are  uece^tsflry;  for  upon  cfinnoeU 
ing  the  ningnct  with  the  hnttery  mid  then  connecting  the  es- 
perimentfll  helix  with  the  galtanoinctcrj  a  current  Hill  appear 
at  the  latter,  wliirh  wilt,  in  certain  cases,  continue  for  a  miuute 
or  more,  and  which  has  tbc  appearance  of  being  derived  at  onco 
from  that  of  the  hattery.  It  is  not  ao  jiroiiuced,  however,  but  i« 
due  to  the  time  uecupied  by  the  iron  eore  in  attaining  it9  maxi- 
mum majjuetic  coitditiou  (2170.  2332.},  during  the  whole  oE 
which  it  continues  to  actuponthecspcrimontal  helix, producing 
a  current  in  it.  This  time  varies  with  several  circumstances, 
and  in  the  same  clcctro-ningnet  varies  especially  with  the  period 
during  which  the  magnet  has  liecm  ont  of  use.  When  first 
employed,  after  two  or  three  days'  rest,  it  will  amount  to  eighty 
ominely  seconds,  or  more.  On  breaking  battery  contact  and 
immediately  renewing  it,  the  effect  will  be  repeated,  but  occupy 
only  twenty  or  thirty  Bcconds.  On  a  third  intermission  and 
renewal  of  the  current,  it  will  appear  for  a  still  shorter  period  ; 
and  when  the  magnet  ha.s  been  used  at  short  intcnals  for  some 
time,  it  aecras  capable  of  receiving  its  masimum  power  almost 
at  onc£.  la  every  experiment  it  ia  necessary  to  wait  until  the 
effect  is  sliown  by  the  galviuioraeter  to  be  over ;  otherwise  the 
last  remains  of  such  an  effect  might  be  mistaken  for  a  result  of 
polarity,  or  some  peculiar  action  of  the  bismuth  or  other  body 
under  inve-itigation. 

JiGiJl.  The  galvanometer  employed  waa  made  by  Ruhmkorff 
and  was  very  sensible.  The  needles  were  strengthened  in  their 
action  and  rendered  so  nearly  equal,  that  a  single  vibration  to 
the  right  or  to  the  left  ocL-npii-d  from  sixteen  lo  twenty 
seconds.  When  experimenting  with  such  bodies  aa  bismuth 
or  phosphorus,  the  place  of  the  needle  was  observed  thrmigh  a 
lens.  Tlie  perfect  eomraunicatiou  in  all  parts  of  the  circuit  waa 
continually  ascertained  by  a  feeble  thermo-electric  pair,  warmed 
by  the  fingers.  This  was  done  also  for  every  position  of  the 
commutator,  where  the  film  of  oxide  formed  on  any  part  by  two 
or  three  days'  rest  was  quite  sulficieat  to  intercept  a  feeble 
current. 

20.'i2.  Inorderto  bring  the  phajnomcna afforded  by  magnetic 
and  diamaguctic  bodies  into  direct  relation,  I  have  not  so  much 
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noted  the  currents  produced  in  the  expchmental  helix,  as  the 
effects  obtained  at  the  fi^lranometer.  It  is  to  be  nnderitood, 
that  the  Hlaudnrd  of  deviation,  as  to  dipection,  has  always  been 
that  produced  by  an  trou  wire  inoriiig  in  the  ftnine  dircctiou  as 
the  experimental  helix,  and  with  the  Bamcconditionof  thccom- 
mutator  and  connecting  mrcs,  a«  the  piece  of  bismuth  or  other 
bodj  whose  cfTecta  vere-  to  be  olMcrvi^d  niid  compared. 


2853.  A  thin  glass  tube,  of  the  given  size  (2013.),  5i  by 
S  inches,  was  filled  with  a  saturated  solutiuD  of  protoeulpliatc  of 
iron,  and  employed  as  the  experimental  core :  the  velocity  (^iven 
to  the  macbiuc  at  this  and  all  average  times  of  experiiuent  vt&a 
,sucb  as  to  cause  live  or  six  approaches  and  withilrnivsls  of  the 
core  in  one  second  ;  yet  the  sohition  produced  nn  sensible  indi- 
cation at  the  galvanometer.  A  pircc  of  magnetic  gla.ts  tube 
(2354.),  and  a  core  of  foolscap  paper,  mof^uetic  bctirecn  the 
polcfi  of  the  electro-magnet,  were  equally  lueflicient.  A  tube 
filled  with  small  cryBtalii  of  protoaulphate  of  irou  cansal  the 
needle  tu  more  uhout  2^,  and  cores  formed  out  of  siugle  lai^ 
crystals,  or  symmetric  groups  of  crystals  of  sulphate  of  irou, 
produced  the  same  effeot.  Red  oxide  of  iron,  (colcothar)  pro- 
duced the  least  possible  effect.  Iron  scales  and  metallic  iron 
(the  latter  as  a  thin  wire)  produced  large  effects. 

2GS4.  Whenever  the  needle  moved,  it  wat  consintent  in  its 
direction  with  the  cUtret  of  a  magnetic  body;  but  in  many  ease-i 
with  known  magnetic  bodies,  the  motion  was  little  or  Qonc. 
This  proTca  that  Aurh  an  arrangement  ia  by  no  means  so  good 
a  test  of  magnetic  polarity  as  the  use  of  a  simple  ur  an  astatic 
needle.  This  deficiency  of  power  in  that  respect  does  not  inter- 
fere with  its  ability  tti  Bcarch  into  the  nature  of  the  phienomcna 
that  appear  in  the  experiments  of  Wcbcr,  ilcich  and  others. 

2<>55.  Other  mctatii  than  iron  were  now  employed  and  with 
perfect  success.  If  they  were  magnetic,  as  nickel  and  cobalt, 
the  deflection  was  in  the  same  direction  as  for  iron.  \\'hen  the 
metals  were  diamagnctie,  the  deflection  was  in  the  contrary 
direction;  and  for  some  of  the  ractals,  as  copper,  silver  and 
fjold,  it  amounted  to  eC^  or  70*,  which  was  permanently  sus- 
tained as  long  as  the  machine  continued  to  work.  Hut  tbo 
deflection  was  not  the  greatest  for  the  most  diamagnetic  sub- 
stances, aa  bismuth  or  antimony,  or  phosphorusj  ou  the  con- 
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tntry,  I  bare  not  been  able  to  assure  myself,  up  to  tbis  timci 
tliat  these  tlirec  bodies  can  produce  any  effect.  Thus  far  tlie 
eflcct  has  bcnn  proportionate  to  the  tondurling  powvr  of  the 
Huhstaiices  for  ekctricity.  Gold,  silver  aud  copper  have  pro- 
duced lar^  deflections,  lead  aud  tin  less,  Platina  very  little. 
Bi»niuth  und  aiitiiiimiy  none. 

2G5G.  Hence  there  was  every  reason  to  believe  that  the 
effeets  were  prodnecd  by  the  currents  iuduced  iu  the  mass  of  the 
moviiif,'  metals,  and  not  l>y  any  polarity  of  tlieir  particles.  I 
proceeded  therefore  to  test  this  idea  by  difTerent  conditions  of 
the  cores  and  the  apparatus, 

2C37.  In  the  firet  place,  if  produced  by  induced  currents,  tbe 
great  proportion  of  these  would  exist  in  the  part  of  the  core 
near  to  the  dominant  magnet,  and  bnt  little  in  the  more  distant 
parts;  whereas  in  b  substance  like  iron,  the  polarity  which  the 
vhole  ussiiracn  makes  IcngtU  a  raorc  important  clement.  I 
therefore  shortened  Ibe  core  of  copper  from  Gj  inches  (2G43.)  to 
2  inches,  and  fotind  the  effect  not  iieniiibly  diminished;  even 
whi-n  1  inch  long  it  was  little  less  than  before.  On  the  eontray, 
when  a  fine  iron  wire,  5^  inches  iu  length,  was  used  as  a  core,  ita 
cffectii  were  utrong;  when  the  length  was  reduced  to  2  inches, 
they  were  greatly  diminished ;  and  again,  with  a  Icngtb  of 
1  inch,  Htill  further  greatly  reduced.  It  is  not  difficult  to  con- 
stnict  a  core  of  copper,  with  a  fine  iron  wire  in  ita  axis,  so  that 
when  almve  a  certain  length  it  should  produce  the  effects  of  iron, 
and  beneath  that  length  the  effects  of  copper. 

2G58,  In  the  next  place,  if  the  cfTcct  were  jiroduccd  by 
induced  currents  in  the  mass  (2642.),  division  of  the  mass  would 
stop  these  currents  and  so  alter  the  effect ;  whereas  if  produced 
by  a  true  dinmagnetic  polarity,  division  of  the  mass  would  not 
affect  the  polarity  meriously,  or  in  its  essential  nature  (2430.). 
Some  copper  filings  were  therefore  digestx-d  for  n  few  days  in 
dilute  sulphuric  acid  to  remove  any  adberiiig  iron,  then  well- 
washed  and  dried,  and  afterwaida  warmed  and  stirred  in  the  air, 
until  it  wn-s  seen  by  the  orange  colour  that  a  very  thin  film  of 
oxide  had  formed  u^iou  them  :  they  were  finally  introduced  into 
a  glass  tube  (2<?5t1.}  aud  employed  as  a  core.  It  produced  no 
effect  whatever,  but  was  now  aa  inactive  as  bismuth. 

2S59.  The  copper  may  however  be  divided  so  as  either  to 
interfere  with  the  a&sumcd  currents  or  not,  at  pleasure.     Fine 
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copper  wire  iras  cut  up  into  Icngtli!!  of  i>\  inches,  nnd  lu  many 

of  these  associated  lOKelber  lus  wuuld  form  a  ccnnpact  cj-liinlfr 

ihrec>quartcra  of  nil  inch  in  diameter  [2643.);  it  prodi)[;0[l  no 

effect  at  the  galvanumt'tcr.     Anotliop  copper  ct>rR  was  prepared 

aasociating  together  mnnr  discs  of  thiu  copjier  plute,  tbnxr- 

lanrtcrs  of  an  inch  in  diameter,  and  this  affected  the  golto- 

smetcr,  holding  its  nrcdlc  25°  or  .30"  from  zero. 
yWiO.  I  miuir  n  sold  helix  erlindcf,  thrcc-qunrters  of  an  inch 
in  diameter  and  'I  inches  hmg,  of  eovcred  copper  vtre,  one-six- 
tcvntb  of  an  inch  thick,  and  cmphiycd  this  as  the  ciperimcDtal 
core.  When  the  t«o  end:*  of  ita  wire  were  uncanoectcd,  there 
was  no  effect  upon  the  experimental  helix,  and  coosequeutly 
none  at  the  galvntiometcr ;  but  vhcu  the  ends  wcro  soldered 
tf^fltlier,  the  needle  was  well  affected.  lu  the  first  condition, 
the  cnrrcnt*,  which  tended  to  he  fovmed  in  the  mass  of  moving 
metal,  could  not  exist  because  the mi^al  circuit  woa  interrupted; 
iu  the  second  they  Could,  because  the  circuit  wu»  uot  iutcr- 
nipted  ;  and  such  division  as  remained  did  not  interfere  to 
prevent  tlie  cun-ents. 

2661.  The  Slime  results  were  obtained  with  other  metals.  A 
core  cylinder  of  gold,  made  of  balf-Hovrreijris,  waM  very  power- 
ful iu  its  effect  on  the  galvanometer.  A  cylinder  of  cilvcr, 
made  of  sixpenny  pieces,  iroa  very  cflcctual;  but  a  cylinder 
iimde  of  precipitated  Biher,  pressed  into  a  glass  tube  an  closely 
as  poNxible,  gave  no  iudleations  of  action  whatever.  The  same 
results  were  obtained  with  disc  cylinders  of  tin  and  lead,  the 
effects  being  proportionate  to  the  conditian  of  tin  and  lead  as 
bod  conductors  (2CS5.). 

'2i'AVi.  When  iron  wa»  divided,  the  effects  were  exactly  the 
reverse  in  kind.  It  was  necenaary  to  msp.  a  much  coarser  galva- 
nometer ami  iippanitus  for  the  purpose-;  but  that  being  done, 
the  employment  of  a  solid  iron  core,  and  of  another  of  the  same 
sixc  or  weight  formed  of  lengths  of  fine  iron  wire  (2tJoS>.), 
iboffcd  that  the  division  hnd  oeeiL^ioiicd  uo  inferiority  in  tlie 
latter.  The  excellent  experimental  researches  of  Pove'  on  the 
electricity  of  induction,  will  show  that  this  ought  tn  be  the  case 

2063.  Hence  the  rcniiltof  divl^iun  in  the  dinmngnctiemetiiUis 
altogether  of  a  uaturc  to  confirm  the  conclusion,  that  the  effects 
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produced  liy  them  are  due  to  induced  currents  moving  through 
their  moBaes,  and  nut  tu  any  {>ulurity  correspondent  in  its  general 
uaturc  (though  opposed  in  its  direction)  to  that  of  iron. 

266-1.  In  the  third  place  (265C.),  another  and  very  important 
distinction  in  the  actions  of  a  diama^ictic  metal  may  be  experi- 
mentally catahliahed  according  aa  they  may  he  due  cither  to  a 
true  polarity,  or  merely  to  the  presence  of  tcmijorary  induced 
currents  ;  and  as  for  the  consideration  of  this  point  diamiif^nelic 
and  mn^ictie  polarity  are  the  same,  the  point  may  hest  be 
considered,  at  preaent,  in  relaliou  to  iron. 

2665.  If  a  core  of  any  kind  be  advanced  to-wai-ds  the  domi' 
nant  magnet  ami  withdni'wn  from  it  hy  a  motion  of  uniform 
velocity,  then  a  complete  jonmcy,  or  to  nnd  fr<im  action,  might 
be  dividc<l  into  four  parts  ;  the  to,  the  flop  after  it ;  the  from, 
aud  the  atop  succeeding  that.  If  a  core  of  iron  make  this 
joamey,  ita  end  towards  the  dominant  magnet  hecomes  a  pole, 
riBing  in  force  until  at  tlic  nearest  distance,  and  fulling  in  force 
until  at  tho  gnratcst  dialniu'C.  Both  this  effect  a»d  it»/)ro. 
gres»io»  inwards  anil  ontwards,  cause  currents  to  be  induced  in 
the  Kiirrounding  helix,  and  these  currents  ai'C  in  one  direction 
ns  the  core  advnnceM,  nnd  in  the  contrary  direction  aii  it  recedes. 
In  reality,  however,  the  iron  does  not  travel  with  a  constant 
velocity;  for,  Ijccauae  of  the  communication  of  motion  from  a 
revolving  crauk  at  the  machine  (2Gi^.),  it,  in  the  to  part  of  the 
journey,  gradually  rises  from  a  state  of  rest  to  a  maximum 
velocity,  which  is  half-way,  and  then  as  gradually  sinks  to  rest 
again  near  the  magnet : — and  the  from  part  of  the  journey 
undergo™  the  some  variationi!.  Now  as  the  maximum  effect 
u|Kia  the  surrounding  experimental  helix  depends  upon  the 
velocity  conjointly  with  the  intensity  of  the  magnetic  force  in 
the  end  of  the  core,  it  in  evident  that  it  will  not  occur  with  the 
maximum  velocity,  wlii(Th  is  in  the  middle  of  the  to  or  from 
motion ;  nor  at  the  stop  ncarctit  to  the  dominant  magnet, 
where  the  core  end  has  greatest  magnet  force,  hut  somewhere 
between  the  two.  Nevertheless,  during  the  whole  of  the 
advance,  the  core  will  cause  a  current  in  the  experimental  hehx 
in  one  directionj  aud  during  the  whole  of  the  recession  it  will 
cause  a  current  in  the  other  direction. 

2660.  If  diamagnetic  bodies,  under  the  influence  ofthedooii- 
Dant  magnet,  assume  also  a  polar  state,  the  difference  between 
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them  and  iroa  bcin^r  only  that  the  po]c3  of  Ulce  names  or  forces 
arc  diBQgtid  in  plaoR  (2429.  24^JO.),  then  the  same  kind  of 
action  aa  that  described  for  iron  would  occur  with  tbcm ;  the 
ouly  diObreocc  beiug,  that  tlie  two  currents  produced  would  be 
in  the  rcrcpsc  direction  to  those  produced  by  iron. 

2G67.  If  a  comtnutator,  therefore,  were  to  be  arrani^d  to 
gatthcr  up  these  currents,  cither  in  the  one  case  or  the  other,  and 
to  send  them  ou  the  galvanometer  in  one  consibteut  current,  ic 
shonld  change  at  the  niomeuta  of  the  two  »(ops  (2Cti5.) ,  aud  then 
would  perform  auch  duty  perfectly.  If,  on  the  other  hand,  the 
comtautator  ehottld  ehangc  at  the  times  oE  maximuia  vclotrity 
or  maximum  intensity,  or  at  two  other  timea  equidistant  cither 
from  the  one  atop  or  from  the  other,  then  tJic  )mrtti  of  the 
opposite  currents  intercepted  between  the  ohangpj*  would  exactly 
Deatralisc  each  other,  and  no  linal  current  would  be  aeut  ou  to 
the  galvanometer. 

S€68.  Now  the  action  of  the  iron  is,  by  experiment,  of  this 
nature.  IB  an  iron  wire  be  simply  introduced  or  taken  out  of 
the  experimental  helix  with  differeut  condition  of  the  commu- 
tator, the  results  are  exactly  tho^  which  have  been  stated.  If 
the  machine  be  worked  with  an  iron  wire  core,  the  commutator 
changing  at  the  stops  (260i>.),  then  tlie  current  gathered  up  aud 
sent  OD  to  the  ga.tvanoroctcr  is  a  maximum  ;  if  the  commutator 
change  at  the  momenta  of  maximum  velocity,  or  at  any  other 
pair  of  moments  equidistant  from  the  one  stop  or  the  other, 
then  the  current  at  the  commutator  isn  luinimum,  or  0. 

2660.  There  are  two  or  IhriM-  precautions  which  arc  ncccjwary 
to  the  production  of  a  pure  result  of  this  kind.  In  the  first 
place,  the  iron  ought  to  be  soft  and  not  prnvioiisly  in  a  magnetic 
state.  In  the  next,  an  effect  of  the  fulloicing  kind  has  to  bo 
guarded  against.  If  the  iron  cure  be  uway  from  the  dominant 
magnet  at  the  beginning  of  an  cxpcrimeui,  then,  ou  wurkiug 
the  machine,  the  galranotQcter  will  be  seen  to  move  in  one 
direction  for  a  few  moments,  and  afterwards,  notwithstanding 
the  continued  action  of  the  machine,  will  return  and  gradually 
take  up  its  place  at  0°.  If  the  iron  core  be  at  its  shortest 
distance  from  the  dominant  magnet  at  the  Ix'slnning  iiE  the  ex- 
periment, then  the  gnjvanomctcr  needle  will  move  in  the  contrary 
direction  to  that  which  it  took  before,  but  will  again  settle  at 
0°.     These  cflccts  arc  due  to  the  circumstAucc,  that  when  the 
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iron  is  airay  from  tlic  domlnaut  magnet,  it  is  not  in  so  strong 
a  magDctic  state,  niul  irhco  at  the  ncarcxt  to  it  is  in  n  ntronifcr 
state,  tlian  the  mean  or  average  state,  which  it  acquires  during 
the  continuance  of  nn  expcrinn^nt ;  and  that  in  rbnig  or  tftlling 
to  this  average  state,  it  pmchiecs  two  dirrentJi  in  contrary 
dinrctions,  which  are  matic  mauif'est  in  the  expcrimmts  de- 
scribed.  These  csiating  only  for  the  first  momenta,  da,  in  tlieir 
effects  at  the  Kulvauomctcr,  then  appear,  produciugr  a  vibration 
which  gradually  paftaes  awaj'. 

2670.  One  other  precaution  I  ought  to  sppcify.  Unless  the 
commutator  cliauges  accurately  at  the  given  poiuLt  of  the 
journey,  a  little  effect  is  gathered  up  nt  each  change, and  may  give 
a  permimcnt  deflection  of  tbc  needle  in  one  direction  or  the 
other.  The  tongues  of  my  commutator,  being  at  right  angles 
to  the  dinietiou  of  motion  and  somewhat  flexible,  dragged  a 
little  in  the  to  and  from  parts  of  the  journey ;  in  doing  this 
they  approximated,  though  only  in  a  small  degree,  to  that  which 
is  the  host  condition  of  the  commutator  for  gathering  up  (and 
not  opposing)  the  currents ;  and  a  deflection  to  the  right  or  left 
apfwarcil  {3(jr7.).  Upon  discovering  the  cause  nnd  BtiiTening 
tlic  totigvojs  so  as  to  prevent  their  flexure,  the  cQcct  disappcaredj 
and  the  iron  was  perfectly  inactive. 

2671.  Such  therefore  are  the  results  with  an  iron  core,  aud 
such  would  be  the  rffrets  with  a  coppc-r  or  hiannith  core  if  they 
acted  by  a  diamagnetic  polarity.  Let  us  now  consider  what  the 
con«P(|uenees  would  he  if  a  copper  or  bismuth  core  were  to  act 
by  ruvrents,  indurcd  for  tlic  time,  in  its  moving  mass,  nnd  of 
the  nature  of  those  suspected  (2042.).  If  the  copper  cylinder 
moved  with  uniform  velocity  (2GC5,),  then  currents  would  exist 
in  it,  parallel  to  its  circumference,  during  the  whole  time  of  its 
motion;  and  Ihcfio  would  be  at  their  maidmumfoi-ee  just  before 
and  just  after  the  to  or  inner  stop,  for  then  the  copper  would  be 
in  the  most  intense  parts  of  the  magnetic  field.  The  rising 
current  of  the  copper  core  for  the  in  portion  of  the  journey 
would  produce  a  current  in  one  dirretion  in  the  experimental 
helix,  the  stopping  of  the  copper  and  consequent  falling  of  its 
current  would  produce  in  the  experimental  helL\  a  eurrent  con- 
trary to  the  former ;  the  first  instant  of  motion  ontteards  in  the 
core  would  produce  a  maximum  current  in  it  contrary  to  it« 
former  current,  and  producing  in  the  experimental  helix  its  in- 
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dnctiTc  result,  betn^  »  carrcnt  tlic  same  as  the  last  tbere  pro- 
duced ;  and  then,  »m  iLe  core  retreated,  it«  curreut  voiUd  fall,  and 
in  no  i^oin^  and  by  its  final  stop,  iroutd  prodiicc  a  fourth  current 
in  the  ex jic-ri mental  helix,  in  the  same  direction  as  the  first. 

2G7S.  The  four  currcuta  produced  in  tlic  experimental  liclis 
ftltcmate  by  twos,  i.  e.  those  produe^vl  by  the  falling  of  the  first 
enrrent  in  the  eore  and  the  riHin^  of  the  second  and  contrary 
cunvut,  arc  in  one  direction.     They  occur  at  tbe  instant  before 
and  after  tbe  stop  at  tbe  ma^et,  i.  e.  frooi  tbc  moment  of  maxi- 
mnra  current  (in  the  corcj  before,  to  the  moment  of  maximum 
jcorrcnt  after,  the  stop;   and  if  that  stop  is  momentary,  tliey 
l^xiat  only  for  that  moment,  and  should  during  that  brief  time 
gathered  up  by  the  commutator.     Those  produced  in  tbe 
expcrimeutal  helix  during  the  falling  of  the  »erond  eurrt-nt  in 
the  core  and  the  rising;  of  a  tbird  current  (identical  with  tbe 
first)  in  the  return  of  the  core  to  tbe  magnet,  are  also  tbc  namu 
in  directiou,  and  eoiitiuue  from  the  In-ginning  of  the  retreat  to 
the  end  of  ibe  advance  (or  (cum  maximum  to  maximum)  of  ibe 
tx>re  ciurents,  i.  e.  for  almost  the  whole  of  the  core  journey ; 
and  these,  by  ita  change  at  the  maiimnm  moment<«,  the  com- 
nintator  should  take  up  and  scud  on  to  the  galvanometer. 

2673.  The  motion  however  of  tbc  core  is  not  uniform  in 
veltMrity,  and  no,  su[lden  in  iix  ebani:e  of  direction,  but,  as  before 
snid  (li6G5.},  is  at  a  maxiumm  us  resiH-rts  velocity  in  the  middle 
of  ita  approueb  to  uiid  retreat  from  the  dominant  magnet ;  and 
faeuce  u  very  important  »<tranta[:c.  For  it«  slop  may  l}c  said  to 
oommenee  immediately  after  the  oeeurrenee  of  the  maximum 
velocity;  and  if  tbelinesof  maguettcforce  were  equal  in  position 
and  power  there  to  what  they  are  nearer  to  the  magnet,  the 
contrary  enrrcnts  in  the  experimental  helix  would  commence  at 
those  point*  of  the  journey ;  but,  as  the  core  is  entering  into  a 
more  intense  part  of  the  field,  the  current  in  it  still  rises  though 
tbc  velocity  dimlniElies,  and  tbe  comwquenoe  in,  that  the  maxi- 
mum current  in  it  neither  occurs  at  the  pUec  of  greatest  velocity, 
nor  of  greatest  forc«,  but  at  a  poiut  between  the  two.  This  is 
true  both  as  regards  the  approach  and  the  recession  of  tbc  core, 
llie  two  maxima  of  the  currents  occurring  at  ]iuints  equidistant 
from  the  place  of  rest  near  the  dominant  magnet. 

3fi74.  It  is  therefore  at  thcie  two  points  that  the  commutator 
sboubl  cbange,  if  adjiutod  to  produce  Ibc  greatest  efieet  at  the 
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gnlranotnetcT  liy  tlic  currcats  cxciied  iu  the  cxpcrimcutal  bclix, 
through  the  iBfluence  of,  or  in  connexion  with,  currents  of 
induction  produced  in  the  core;  and  expt^rimpnt  fully  justifies 
this  conchisioii.  If  the  length  of  thr  jotirncj  from  the  stopout 
to  the  stop  in,  which  is  2  inches  (2^43.  2644.],  be  divided  into 
\0()  parlj),  niul  the  duminaHt  niii^nct  he  supposed  to  be  uu  the 
right-haud,  then  such  an  cxpre«sion  us  the  followiuK,  5U|^0, 
may  represent  tho  phice  whpm  the  commutator  changes,  which 
in  this  illuBtratiou  wuulil  ho  midway  in  the  to  and  from  motion, 
or  at  the  piaccs  uf  greatest  velocity. 

2675.  Upon  trial  of  variotm  ndjustmentti  oE  the  commutntor, 
I  have  found  that  from  77123  to  88112,  gave  the  best  result  irith 
n  copper  core.  On  the  whole,  and  after  many  cspcriments,  I 
conclude  that  with  the  given  strength  of  eleetro-magnet,  distance 
of  the  cxperimnntnl  core  w)tcn  at  the  nearest  from  the  magnet, 
length  of  the  wliole  jounicy,  and  averiigc  velocity  of  the  marliinc, 
86|11  may  represent  the  points  where  the  induced  currcuta  in 
the  core  arc  at  a  mnximnm  and  where  the  commutator  ought  to 
change. 

2070.  Vrom  what  has  been  said  I)e(ore  (2607.),  it  will  l)e  seen 
that  both  in  theory  and  cxpi-riracnt  thasc  arc  the  points  iu  which 
the  effect  of  any  |ioIarity,  magnetic  or  diamngnctic,  wonUI  be 
absolutely  nothing.  Uence  the  power  of  subraittiug  by  this 
machinp  metals  and  other  bodicH  to  experiment,  and  of  eliminn- 
ting  the  effects  of  magnetic  polarity,  of  dinmagnetic  polanty, 
and  of  inductive  ucticiu,  the  one  from  the  others:  for  pither  by 
the  commutator  or  by  the  direction  of  the  polarity,  they  can  be 
separated  ;  and  further,  they  can  also  be  combined  in  viiriona 
ways  for  the  purpose  of  elucidating  their  joint  and  separate 
action. 

2677.  For  let  the  ar-  t, 

TOWS  in  the  diagram  re- 
present tho  to  and  frum 
journey,  and  the  inter- 
sections of  the  lines  a,  h 
or  e,  rf,  &c.  the  periods 
in  the  journey  when  the 
commutator  changes  (in 
which  case  c,  d  ivill  correspond  1o  5050,  and  e,  f  to  86jU), 
then  a,  b  will  represent  the  condition  of  the  commutator  for  the 
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^maximvim  effect  of  iron  or  any  other  potar  IkhI^.  If  tlie  line 
a,  6  be  gradually  rcvolFcd  until  parallel  to  c,  rf,  it  will  in  every 
position  indicate  points  of  commutator  chiui^,  which  will  ^rc 
the  iron  ctfoot  at  the  galvanometer  by  a  deflexion  of  the  needle 
always  in  the  same  direction;  it  is  only  when  the  ends  a  and  b 
hare  passed  the  points  c  &Qd  d,  either  above  or  below,  tliat  the 
direction  of  the  deflection  will  change  for  iron,  But  the  line  a, 
b  indicates  thoec  points  for  the  commutator  with  nhich  no 
effect  vill  be  produced  on  the  galvanometer  by  the  induction  of 
cwrentu  in  the  masa  of  the  core.  If  tlie  line  Ix;  incliued  in  one 
direction,  as  i,  k,  then  these  currents  will  produce  a  dcflectiou 
at  the  galvanometer  on  one  side  ;  if  it  lie  inclined  in  the  other 
direction,  a:i  /,  m,  then  the  deflection  will  be  on  the  other  side. 
[Therefore  tiic  effects  of  tlicise  induced  currents  may  be  cither 
oombiucd  withj  or  opposed  to,  the  effects  of  a  polarity,  Thcthcj: 
it  he  magnetic  or  diamagiietie. 

2678.  All  the  metaln  liefore  mentionol  {2G55.),  namely,  gold, 
silver,  copper,  tin,  Icail,  platiiui,  antimony  and  bismuth,  were 
submitted  to  the  imwer  of  the  clectro-maguct  under  the  best 
djustmcnt  (2(}75.)  of  the  commutator.  The  cftectii  were 
'•trongCT  than  before,  being  now  at  a  maximum,  but  in  the  same 
onlcf;  as  regarded  antimouy  and  bitimutli,  the}'  were  veiy 
.Bmall,  amounting  to  not  more  than  half  a  degri'c,  and  may  very 
sbably  Imvc  been  due  to  a  remainder  of  irregular  action  in 
some  part  of  the  ap|)aratua.  All  the  cxpcrimcuts  with  the 
^divided  cores  (2658,  &e.}  were  rciwatcd  with  the  same  rwults  as 
L'forc.  Phoflphorus,  Hulphur  and  gutta  pcrcha  did  not,  cither 
in  this  or  in  the  former  state  of  the  commutator,  give  any  iudi< 
cation  of  effect  at  the  galvanometer. 

'^GIQ.  Aa  an  illustration  of  the  manner  in  which  this  positiou 
of  the  commutator  caused  asopanitiou  of  the  effects  of  copper 
atid  iron,  I  had  prepared  a  copper  cylinder  can  2  inches  in 
length  hax-ing  an  iron  wire  iu  its  axis,  and  thin  being  employed 
in  the  apparatm  gave  the  pure  effect  of  the  copper  with  its 
^induced  currents.     Yet  this  core,  a-*  a  whole,  was  highly  mag- 
ictic  to  an  ordinary  tcat-nccdlc;  aud  when  the  two  changes  of 
le  commutator  were  not  e<)ni(liiitaiit  from  the  one  stop  or  the 
''ether  (2fi70.  2677.).  *li«  i'^"  effect  came  out  powerfully,  over- 
ruling the  former  and  producing  very  strong  oontrory  deflections 
at  tlte  needle,    The  platinum  core  which  I  have  used  is  on  im- 
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perfect  cylinder,  2  inches  long  nnd  0'G3  of  an  inch  thick:  it 
points  mngnctically  hrtwccn  the  polc«  of  a  horefoboc  olcctro- 
ma^ict  (2381.))  making  a  vibrtition  in  le^  than  atecond,  but 
with  the  above  condition  of  the  commutator  (2675.)  gives  4*  of 
deflection  dtio  to  ihc  induced  cutTcuts^  the  magnetic  effect  being 
annulled  or  thrown  out. 

2C80.  Some  of  the  combined  effects  prodnccd  by  oblique 
pnsition  of  the  commutator  {toiula  were  worked  out  iu  confirni- 
ationofthe  former  conclusions  (2(;77.)-  Wlien  the  commutator 
WHS  so  adjusted  8k  to  combine  any  polar  power  which  the  bis- 
muth, as  a  diamHgiietic  body,  might  posucss,  with  any  coiidueting 
power  which  would  permit  the  formation  of  curreuts  by  induc- 
tion iu  its  maas  (3<I70.),  Ktill  the  ell'ccta  were  so  minute  and 
uncertain  as  to  oblif:e  me  to  say  that,  experimentally,  it  is  with- 
out either  polar  or  iuduetivc  action. 

SCSI.  There  is  another  distinctiou  which  may  usefully  be 
tttsblished  bet  wren  the  effects  of  n  tniesnstainablc  polarity, cither 
ms^otic  or  diamn^nctir,  und  those  nf  the  tninsiciit  induced 
current*  dependent  upon  time.  If  we  consider  the  resistance  in 
tlic  circuit,  which  includes  the  cs ]M-Timenta1  hebx  and  the  galva- 
nometer eoi),  as  nothing,  thou  a  magnetic  pole  of  con^ttant 
strength  piuuicd  a  certain  distance  into  the  helix,  would  produce 
tUc  same  amuuiit  of  current  electricity  in  it,  whelhcr  the  pole 
were  moved  into  its  place  by  a  quick  or  a  plow  juotion.  Or  if 
the  iron  core  be  used  (3668. J  tlic  same  rcsuU  is  produced,  pro- 
vided, in  any  nlteriiating  action,  the  core  is  left  long  enough  at 
tile  rstremiticB  of  its  journey  to  acquire,  cither  in  its  cpiick  or 
slow  uUeriiatiuti,  the  enme  state.  This  I  found  to  be  the  fact 
when  no  commutator  nor  dominant  magnet  was  used;  a  single 
iuBcrtion  of  a  weak  magnetic  pole  gave  the  same  deflection, 
whether  introduced  quickly  or  slowly;  and  when  the  residual 
dominant  magnet,  an  iron  wire  core,  and  the  commutator  in  its 
position  a,  b  (2C77.)  were  used,  four  journeys  to  and  from  pro- 
duced the  stimc  effect  at  the  galvanometer  whea  the  velocities 
were  ns  1  :  5  or  even  us  1  :  1 U. 

2G»2.  When  a  copper,  silver,  or  gold  core  is  cmployetl  iu 
place  of  the  iron,  the  etl'cct  is  very  difTerent.  There  is  no  reason 
to  doubt,  that,  as  ri-g.)rdH  the  core  itself,  the  same  amoiuit  oF 
electricity  is  thrown  into  the  form  of  inciuced  circulating  cur- 
rents within  it,  by  a  journey  to  or  from,  whether  that  Journey 


J  AS.  1850.] 


Effectt  of  lime — r«'tt/«wn. 


153 


is  performed  quickl}'  or  slowly  :  tlie  above  experiment  (2681.) 
in  fnct  coufinns  such  a  conclusion.  But  the  effect  wfaicli  is 
prmlua'H  uixin  the  experimental  helix  is  not  proportiunute  to 
the  whole  amount  of  tticac  currcuts,  hut  to  tlie  maninium 
intensities  to  which  they  rise.  When  the  core  moves  slowly, 
this  intensity  is  small ;  nfacu  its  moves  rapidlVj  it  is  great,  aud 
neocusarily  so,  fur  the  same  current  of  clettricily  bus  to  travel 
in  the  two  difleriu^  periods  of  time  occopied  by  the  journeys. 
Ueoce  the  quickly  moving  core  should  produce  a  far  higher 
effect  on  the  cx|)erimcutai  helix  thaa  the  slonly  moviugcore; 
and  this  al»o  I  found  to  be  the  fact. 

2G83,  The  short  copper  core  was  adjusted  to  the  apparatus, 
and  the  machine  worked  with  it«  average  velocity  until  forty 
journeys  to  aud  from  had  been  completed  ;  the  galvauometor 
needle  passed  '-iSf  west.  Then  the  maeliine  was  wurkisl  with  a 
greater  rapidity,  also  for  forty  jounicys,  aud  the  aecdlc  passed 
ttirouph  80*  or  more  west;  fiiiidlv,  being  worked  at  a  slow  mte 
fur  the  same  number  of  journeys,  the  needle  went  through  only 
21*  west.  The  citrcrac  velocities  in  this  experiment  were  pro- 
bably as  1  : 0 ;  the  time  in  the  longeitt  ease  was  considerably 
leas  than  that  of  one  %ihnilion  of  the  needle  (2Go].],  so  that  t 
believe  all  the  force  in  the  atowest  case  was  collected.  The 
needle  is  very  little  inllueured  by  the  swing  or  momentum  of  its 
ports,  because  of  the  deadening  cilect  of  the  copper  plato 
beneath  it^  and,  except  to  return  to  zero,  moves  very  little  after 
tlie  motion  of  the  apparatus  ceases.  A  silver  core  produced  the 
aume  results. 

2tiBi.  These  effects  of  induced  currents  have  a  relation  to  the 
phsenomcna  of  rtvntaion  which  \  formerly  dcwribed  (liSlO. 
2315.  2338.),  l)ciug  the  same  iu  their  exciting  cause  aud  prin- 
ciptcs  of  action,  aud  tto  the  two  sets  of  phipnometia  couiirin  and 
illcistratc  each  other.  That  the  revulsive  pha^nomcua  arc  pro- 
duced by  induced  currents,  has  becu  shown  before  (2327.  2329. 
2336.  2339.)  ;  tlie  only  difTeN-ncG  is,  that  with  thom  the  induced 
currents  were  produced  by  exalting  the  force  of  a  mugnet  placed 
at  a  &Ked  distance  from  the  aflected  mctnl ;  whilst  in  the  present 
plisnomrna,  the  force  of  the  magnet  docs  nut  change,  but  its 
distance  from  the  piece  of  metal  docs. 

2685.  So  nlso  the  same  cireumatanccs  which  affect  the  pbae- 
Domena  here   affect   the   revulsive   jihienomena.     A   plntc  of 
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metal  will,  as  a  Trholc,  be  well  rcrulscd  ;  but  if  it  be  divided 
across  the  course  ot  the  induced  cuircnts  it  is  not  then  iffecMd 
(2529,).  A  ring  }ipli\  of  cop|jor  wire,  if  the  extremities  bo  un- 
conuccted,  will  not  exhibit  the  phwnomeiia,  but  if  they  be  coii- 
iLCctcd  then  it  presents  them  (3000.). 

2CtH0.  On  thr  wlioir,  the  rcviilsirtr  phjennmrna  arc  a  fiir 
bettor  test  mid  itidtcution  of  these;  currcata  than  the  present 
effects  J  especially  if  ndvantofjo  be  taken  of  the  division  of  tlio 
mass  into  plntcs,  so  ns  to  ho  n-nnlojijmis,  or  TUther  superior,  in 
tht;iraetion  to  the  dine  cylinder  enren  (2639.  2661.).  Platinum, 
pulladitini  and  lead  in  leaf  or  foil,  if  cut  or  folded  into  squan's 
half  an  inch  in  the  side,  and  thru  packed  reg-iilarly  tngelhcr,  will 
ehow  the  phienomena  of  revulsion  very  well ;  and  that  Brcordiug 
to  the  direction  of  the  Itavcsj  and  not  of  the  external  form, 
(iold,  silver,  tin  and  copper  have  the  revulsive  efTccts  thus 
(freatly  exalted  .  Antimony,  ns  I  have  already  shown,  exhibiln 
the  cllert  well  (2")l-t.  2510.).  Both  it  and  bismuth  can  lie  made 
to  give  evidciice  of  the  induced  currents  produced  in  them  when 
they  arc  used  in  thinplatcSjeitLcrsingleor  associated,  although, 
to  avoid  the  influence  of  the  diamagnctic  force,  a  little  attention 
is  required  to  the  moments  of  mukinj^  and  breaking  contact 
between  the  voltaic  hattiTy  aud  the  cleetro-magnct. 

2687.  Copper,  when  thus  divided  into  plates,  bad  its  revulsive 
phienomcua  raised  to  a  degree  that  I  Iiad  not  before  obscned. 
A  piece  of  copper  foil  was  annealed  and  tarnished  by  beat,  and 
then  folded  up  into  n  small  square  block,  half  an  inch  in  the 
side  and  a  quarter  of  an  inch  thiek,  containing  seventy-two  folds 
of  the  metal.  Thi.s  block  was  Mispcndcd  hyasilk  film  as  iK-fore 
(224^.),  and  whilst  at  im  unglc  of  30"  or  thereabouts  viitli  the 
equatorial  line  (2252.),  the  elect ru-magnet  was  excited ;  it  imme- 
diately advanced  or  turned  until  the  angle  was  about  15°  or  50°, 
and  then  stood  still,  l.'ponthoiiiterruptionof  the  clcetric  current 
at  the  mayuet  the  revulsion  eauie  on  verj-  strongly,  and  the  block 
turned  back  again,  passed  the  equatorial  line,  and  proceeded  on 
until  it  formed  an  ruigle  of  I>U°  or  60'^  ou  the  other  side  ;  but 
instead  of  continuing  to  revolve  in  that  dtrecliou  as  before 
(2316.),  it  then  returned  ou  its  course,  again  passed  the  equa- 
torial line,  and  almost  roaebed  the  axial  position  before  it  .'tood 
Btill.  Li  fact,  as  a  maw,  it  libratcd  to  and  I'ro  about  tlie  equa- 
torial line. 
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8688.  This  howerer  U  a  simple  result  of  tlie  principlM  of 
•ction  former!/  dereloped  (2329.  233G.).  Tlic  revolrion  is  dite 
to  the  priMlactlon  of  induced  currcnti  in  the  snuppndni  niMs 
daring  the  taUmg  of  tbr  masaetism  of  the  electromagnet ;  and 
tfaeeflcctof  tbc  »ctioii  is  to  brioi;  the  axis  of  these  induced 
cnrrent-H  parftllcl  to  the  oxig  of  force  in  the  muFnetic  field.  Cou- 
ssequcntly,  if  the  time  uf  the  fall  of  magnetic  forre,  and  therefore 
of  tbe  curreuts  dependent  thereon,  be  greater  tbnu  tbc  time 
occnpied  by  the  revulsion  of  the  copper  block  as  far  as  the  equa- 
torial line,  auy  further  motion  of  it  by  luomenlum  will  be  couD- 
tenctod  \yj  a  contrary  force ;  and  if  this  force  be  strong  enongh 
the  Mode  will  return.  Tbc  coudneting  power  of  the  copper  and 
its  dtTLsion  into  lamina,  tend  to  set  up  these  current*  very 
readily  nod  with  extra  power;  and  the  -very  power  which  they 
posMsft  tends  to  make  the  time  of  a  vibration  so  eliort,  that  two 
or  CTCB  tbrccribratious  can  occur  before  the  force  of  the  clectro- 
mngnct  ha«  ceased  to  fall  any  fvirtber.  The  elfeet  of/™*,  both 
iu  the  rising  and  falling  of  power,  has  been  referred  to  on  many 
former  occasions  (21 70.  3650.),  and  is  very  beautifully  seen  lica*. 


3689.  Returaing  to  tbe  subject  of  the  assumed  polarity  of 
bismiithj  T  may  and  ought  to  refer  to  an  exjicriineut  made  by 
Iteich,  and  deserihecl  by  Weber',  which,  if  I  understand  the 
instnictton  aright,  ia  as  fallows:  a  strong  horseshoe  magnet  is 
laid  upon  a  table  in  such  a  position  that  the  line  joining  its  two 
poles  is  iierpendicular  to  the  magnetic  nieridiau  and  to  bo  con- 
sidered aa  prolonged  on  one  siiLc ;  iu  that  line,  and  near  the 
magnet,  is  to  be  placed  a  small  powerful  magnetic  needle,  sus- 
pended by  coooon  silk,  aud  on  the  other  xidc  of  it,  the  pole  of  a 
barmaguetj  in  such  a  position  and  so  near,  tun  exactly  to  coun- 
teract the  efTcct  of  the  horseshoe  magnet,  aud  leave  the  needle 
to  point  exactly  as  if  both  magnets  were  nway.  Then  a  mass  of 
bismuth  being  placed  batwixm  the  polcii  of  tliu  liorecshoe  magnet 
it  is  said  to  renct  upon  the  •tratdl  maguL-t  needle,  causing  its  de- 
flection in  a  parlicular  direction,  luid  this  is  supposed  to  iudi- 
catethc  polarity  of  tbc  biBmulh  under  the  circuoistancca,  as  it 
has  no  saeh  action  when  tbe  magnets  are  away.     A  piece  of 

'  Taylor't  t^cientiflo  Memoirs,  t.  p  460. 
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iron  in  place  of  the  bismuth  produces  the  coiitrn:^  de8cctioii  of 
the  newile. 

2<i90.  I  h^vv.  rR|«»al<Ml  this  ejpmmcnt  moat  anxiously  and 
cnrcfiilly,  but  hnvc  never  ulitaiiicd  tliu  sli^^htf^l  trace  of  actiuu 
ivith  the  bismuth.  I  Lave  obtained  action  with  the  iron;  bat 
in  those  cases  the  action  was  far  loss  than  if  the  iron  were  appH(^ 
outside  between  the  horsixlioc  ninguct  inid  the  needle,  or  to  the 
needle  alone,  the  magiictit  being  entirely  awav.  On  using  a 
j^iirnet,  ur  a  weak  ma^irtie  substance  gf  any  kind,  I  cannot  find 
that  tlic  ftrrangcmcnt  is  at  all  comparable  for  readiness  of  indi- 
cationordelicaey,  witbthcme  of  a  commcn  or  an  astatic  needle, 
and  tbcrefore  I  do  unt  understand  Iiuw  it  eould  bci^ume  a  t^st 
of  tlie  polarity  of  bismuth  when  these  fail  to  show  it.  Still  I 
may  haTc  made  aotiic  niistitkc ;  but  neither  by  close  reference 
to  the  description,  nor  to  the  principles  of  polar  action,  can  I 
discoTcr  where. 

2fj9I,  Thei-e  is  an  experiment  wliieh  I'lUoker  tteserihed  to  nie, 
and  which  at  firet  seems  to  inflieatc  strongly  the  polarity  of 
btBiunth.  If  a  bar  of  bismuth  (iir  pliosptiorus)  be  suapciidud 
liorizontally  tictwecn  the  poles  of  the  clectro-uiagnct,  it  will  go 
to  the  equatorial  poaition  with  a  certain  force,  passing,  as  1  have 
said,  fn)m  stronger  to  weaker  places  of  action  (2267.) .  If  a  bar 
of  iron  of  the  sauiesixc  be  fi:(ed  in  tlie  e^uiitorial  poi<ititiu  a  little 
bolow  the  plain  in  wliieli  the  dianiaofnctJc  bar  is  moving,  the 
latter  will  proceed  to  the  equatorial  position  with  much  greater 
force  than  before,  and  this  is  considered  as  due  to  the  c4rctim- 
Btancc,  that,  on  the  side  where  tlie  iron  has  N  polarity,  the  din- 
magnetic  body  \ia»  S  polarity,  and  tliat  on  the  other  side  the 
3  polarity  of  the  iron  and  the  N  polarity  of  the  bismuth  alito 
coincide. 

2*i93.  It  is  however  very  evident  that  the  lines  of  magnetic 
force  have  been  altered  sufficiently  in  their  intensity  of  direction, 
by  the  presence  of  the  iron,  to  account  fully  for  the  increased 
effect.  I'or,  consider  the  bar  as  just  Ica^nng  the  axial  position 
and  going  to  the  equatorial  position ;  ut  the  moment  of  starting 
its  extremities  are  in  places  of  stronger  magnetic  force  than 
before,  for  it  cannot  lie  dunhti'd  for  a  moment  that  the  iron  bar 
detormiues  more  force  from  pole  to  pule  of  the  electru-magnet 
than  if  it  were  away.  On  the  other  hand,  when  it  has  attuincd 
the  equatorial  pObitiOD,  the  extremities  arc  under  a  much  weaker 
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magnetic  force  than  tlicy  vere  tabject  u>  to  the  tarn*  plaer* 
before  ;  for  tbc  iroo  bu*  dctcrminea  downwanU  opoa  itacIT  mach 
of  that  furce,  vhicb,  wben  it  is  oot  tbcre,  trxists  in  ibc  pdane 
ocniptcd  br  tbe  bumutb.  Heace,  in  parsing  tlirooj^h  110°,  the 
dianugDCCie  is  argnl  by  a  mocb  greater  differenee  of  intensitr 
of  force  when  the  iroo  ia  present  tban  wben  it  ia  a«Ar;  mad 
hence,  probablr,  tbe  wbole  aH<iiiioQal  result.  Tbe  effect  is  bke 
many  others  which  I  bnTC  referred  to  in  ma^nccrrstallic  action 
(2 1«7-aiyr.),  and  doc»  not,  1  think,  add  onytbing^  to  the  experi- 
mental proof  of  dinmapTictic  poUritv. 

2603.  Finally,  T  am  obliged  to  say  that  T  can  fliid  nn  experi- 
mental eridi-noc  to  support  the  hyputbeticalviciT  ofdiumognetic 
polarity  (S&IO.),  either  in  my  own  experiments,  or  in  the  repeti- 
tion of  those  of  Weber,  Ecicb,  orothcrs.  I  do  not  say  that  such 
a  polarity  does  not  exi»t ;  and  I  should  think  it  po«siblc  that 
Weber,  by  far  more  delicate  apparatus  than  mine,  had  obtained 
a  trace  of  it,  were  it  not  that  then  al*n  he  would  have  crrtaiiily 
met  with  tjic  far  more  powerful  effects  product^l  by  coppj-r, 
gold,  silver,  and  the  better  couducting  diamapietic*.  If  bi«- 
niiith  thonld  Iw  fonnd  to  give  any  effect,  it  must  )>e  checked 
and  difttiii^uixhi'd  by  reference  to  the  position  of  tbe  commu- 
tator, dimioQ  of  the  maAii  by  pulrmzation,  influcuct:  of  time, 
&C-.  It  apiieors  to  mc  also,  that,  as  the  ma^etic  ixjlnrity  eon- 
ferrcd  by  iruuor  nickel  in  very  small  quantity,  and  in  unfavour- 
able states,  is  far  more  readily  indicated  by  its  effects  on  an 
astatic  needle,  or  by  pointing  between  the  poles  of  u  strong 
borsesboe  ma<ciiet,  than  by  any  such  arrangement  ns  mine  or 
Weber's  or  Reich's,  so  dianiagnctic  polarity  would  he  mnch 
more  easily  distingutshed  iu  the  came  way,  and  that  no  indica- 
tion of  that  polarity  has  as  yet  reached  to  the  force  and  value  of 
those  a]re-ady  given  by  Bnigmann  and  myself. 

3G94.  So,  at  present,  the  actions  represented  or  typified  by 
iron,  by  copper  and  hy  bismuth,  remain  distinct ;  and  their 
rrlutiona  arc  only  in  part  made  known  to  us.  It  cannot  be 
doubted  that  a  tar(;er  and  simpler  law  of  action  than  any  we  are 
yet  acquainted  with,  will  hereafter  be  discovered,  which  shall 
include  all  these  actions  at  once ;  and  the  beauty  of  Weber's 
suggestion  iu  this  respect  was  the  chief  inducement  to  mc  to 
endeaTonr  to  establish  it. 

2695.  Though  from  the  considerations  above  expressed  (2G93.} 
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1  liad  little  hopes  of  any  lucfiil  results,  yet  I  thought  it  right  to 
eubmlt  certain  magnccrystallic  cures  to  the  action  of  the  appa« 
ratus.  One  core  was  n  lai:^  group  of  Rj-inmetrically  dispoecd 
crystals  of  bismuth  {2^t57.) ;  another  a  very  ]sirge  crystal  of  red 
ferropruiwia.te  of  potaasii ;  a  third  a  crystal  of  calcareous  sjiar; 
and  a  fourth  luiil  fifth  large  crystals  of  protosulphatc  of  iron, 
These  were  forintd  into  cykiuders  of  which  the  first  and  fourth 
had  the  magnecrystallic  axes  (3170.)  parallel  to  the  axis  of  the 
cylinder,  and  the  second,  thirtl  and  fifth,  had  the  equatorial 
direction  of  force  (2594.  2595.  2546.)  parallel  to  the  axis  of  the 
cylinder.  None  of  tliem  gave  any  effect  at  the  galvanometer, 
except  the  fourtli  and  fifth,  and  these  -fferc  alike  in  their  results, 
and  were  dopcndcut  for  them  on  their  ordlnaiy  magnetic  pro- 
perty. 

3696.  Some  of  the  expressions  I  liave  used  may  accm  to 
imply,  that,  when  cmptoyiug  the  copper  and  other  cores  I 
ima^ne  that  currents  am  first  induced  in  them  hy  thcdonnnant 
magnet,  and  that  thc»c  indner  the  currents  which  arc  observed 
iu  the  experimental  helis.  Whether  the  cores  aet  directly  on 
the  oxperimcntnl  helix  or  indirectly  through  their  inflnenee  on 
the  domiunnt  magnet,  is  a  very  interc-stiiig  cjucstion,  and  I  have 
found  it  difficult  to  select  expressions,  though  I  wiihed  to  do 
so,  which  should  not  in  sonjc  degree  prejudge  tliat  question.  It 
eeems  to  me  prolmblc,  that  the  cores  act  itidireclly  ou  the  Iielix, 
and  that  their  immediate  action  ia  altogether  directed  towards  the 
dotninant  magnet,  which,  whetlier  they  consist  of  maftnctic  or 
diamagnctic  melaU,  rni«o  them  into  power  cither  permanently 
or  traTisicntly,  and  has  their  power  for  that  time  directed  towards 
it.  Before  the  core  morea  to  approach  the  magnet,  tlie  magnet 
and  cx|)en mental  helix  arc  iu  cloae  relation  j  and  the  latter  ia 
situated  in  the  inten«o  field  of  maj(nctic  force  which  belongs  to 
the  pole  of  the  former.  If  the  core  lie  iron,  as  it  approaches  the 
magnet  it  causes  a  strong  convergence  and  concentration  of  the 
Unea  of  magnetic  force  upon  itself;  and  thoic,  as  they  so  eon- 
verge,  passing  through  the  helix  and  across  its  convolutions,  are 
oompctcnt  to  produce  the  currents  in  it  which  arc  ohtaincd 
(2Cj3.  26ti8.) .  Aa  the  iron  retreats  these  lines  of  force  diverge, 
and  again  crossing  the  line  of  the  wire  iu  the  helix  in  a  contrary 
direction  to  their  former  course,  produce  a  contrary  current.  It 
does  not  seem  necessary,  in  TicwLug  the  action  of  the  iron  core. 
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to  suppose  any  direct  action  of  it  on  tlie  helix,  or  any  otber 
action  than  this  -which  it  rxcrts  upon  the  tines  of  force  of  the 
inagnct.  In  Bueh  a  esse  its  action  apoa  the  helix  would  be 
indirect. 

2607.  Then,  by  nil  pnrity  of  rewoninif,  when  a  copper  core 
pntcm  the  helix  iU  action  upon  it  shfmM  be  indirect  also.  For 
the  cuiTcnu  which  arc  produced  in  it  are  caused  by  the  direct 
iuflucnee  of  t!ie  magnet,  and  must  react  eqmvalcntly  upon  it. 
This  tbey  do,  and  because  of  their  direction  and  knoirit  action, 
Ihcy  will  cause  the  lines  uE  force  of  the  magnet  to  dircrge.  As 
the  core  diminishes  in  its  velocity  of  motion,  or  comes  to  rest, 
the  cnrrcnts  in  it  will  cease,  and  then  the  lines  of  force  will  con- 
verge ;  and  this  {lircrgcnce  and  conver^ncc,  or  passage  in  two 
directions  across  the  wire  of  the  experimental  helix,  n  sutlicicnt 
to  produce  the  two  currents  which  arc  obtained  iu  the  advance 
of  the  core  towards  the  dominant  magnet  (2671.  ^673.).  A  cor- 
responding effect  in  the  contrary  direction  is  produced  by  the 
retreat  of  the  core. 

S6BB.  On  the  idea  that  the  actious  of  the  core  were  not  of  this 
kind,  but  more  directly  upon  the  helix,  I  interposed  substances 
between  the  core  and  the  helix  during  the  times  of  the  wcperi- 
ment.  A  thick  copper  cylinder  2*2  inches  long,  O'?  of  an  inch 
Rxternal  diameter,  and  O'l  of  an  inch  internal  diameter,  and  ran- 
sequciitiy  Oit  of  an  inch  thick  in  the  sidcM,  was  placed  iu  the 
experimental  helix,  mid  an  iron  wire  core  (2G68.)  uncd  in  the 
apparatus.  Still,  whatever  the  form  of  the  experiment,  the  kind 
and  amount  of  effect  pwduccd  were  the  sann'  as  if  the  cwpper 
wore  away,  and  either  glass  or  air  iu  its  place.  When  tiio 
dominaDt  magnet  wax  removed  and  the  wire  core  made  amagnet, 
the  Mine  results  were  producod. 

SG99.  Another  copper  lining,  being  a  cylinder  S'a  inches 
long,  1  inch  in  external  diameter,  and  onc-cighth  of  an  inch  in 
thiekncM,  was  placed  iu  the  experimental  helix,  and  eorex  of 
silver  and  copper  five-eighths  of  an  inch  in  thickncsK,  employed 
a»  beforcj  with  the  liest  condition  of  the  commutator  (a(!75.)  : 
the  cSbcta,  with  and  without  the  copper,  or  with  and  without 
the  glass,  were  absolutely  the  same  (S698.). 

2700.  There  cxat  bo  no  doubt  that  the  copper  liuings,  when 
in  place,  were  foil  of  currents  at  the  time  of  action,  and  that 
when  away  no  such  currents  would,  exist  iu  the  air  or  glass 
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replacing  them.  Tlierc  U  also  full  reason  to  admit,  tUst  the 
divcrgirncc  and  convcr^mcv  of  tlic  tn&{(uetic  lines  o£  force 
Biip]>oacd  above  (3C97.)  would  satisfactorily  account  for  such 
cnrrenta  in  them,  niipposing  the  indirect  antiun  of  the  cores 
were  assumed.  If  that  sup  position  be  rejected,  then  it  aecius 
to  mc  that  the  «h<ilc  of  tlic  bodies  present,  the  aiagiiet,  the 
hehx,  the  core,  the  copper  Uuiiifj,  or  the  air  or  gln-is  wliieh  re- 
places it,  must  all  be  in  n  state  of  tension,  each  part  acting  on 
every  other  part,  boiiig  iu  what  1  have  occasiouuUy  elsewhere 
iiuagiiied  as  the  electro-touic  state  [1729.}. 

2701.  The  adi-aiicc  of  the  cnpiicr  makes  the  lines  nf  magnetic 
force  diverge,  or,  so  to  say,  drivev*  them  before  it  (2fii)7.)-  No 
doubt  there  is  reaction  upon  the  advancing  copper,  and  tic  pro- 
diietion  of  currents  in  il  in  such  a  dirretion  as  make^  thci 
(roinpeteut,  if  cuutinueil,  to  cuiititiue  the  divergence.  Rut  it' 
docs  not  eccm  logical  to  say,  that  the  currents  which  the  lines 
of  force  cause  iu  the  copper,  are  the  cause  of  the  divcrt;ciicc  of 
the  lines  of  force.  It  seems  to  coc,  rather,  that  the  IJaes  of  force 
are,  so  to  say,  diverged,  or  bcut  outward  by  the  advancing 
copper  (or  by  a  connected  wire  moving  across  lines  of  force  in 
any  other  form  of  the  experiment*},  and  that  the  reaction  of 
ie  lines  of  force  upon  the  forces  in  the  particles  of  the  copper 
sause  them  to  be  rcHulrril  into  a  current,  by  which  there-tintAncc 
id  discliar^d  and  removed,  and  the  line  of  force  rcturus  to  tt* 
place.  I  attach  no  other  meaning  to  the  irords  line  o/  force 
than  that  vhich  I  hive  given  ou  a  former  occasion (21  IU.). 


Roijat  Inititution, 
il  Dte.  I&lr9. 
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$  30.  On  t&epo*iiiU  reltUion  of  Gravity  to  Eicctriciiy. 

RcoetTMl  Aa^uit  1.— Read  NoTombcrSti,  ^B&>. 

2702.  The  long  and  constant  persuasion  that  all  tlio  forces 
of  nature  are  mutuatly  dcpcnilcnt,  harin;  otic  eommcm  origin, 
or  mtbfir  )>ctug:  different  manifcatatioos  of  one  fundamental 
power  (1!1W.),  has  made  me  often  think  upon  the  possihility 
of  esttihlivhlng,  by  PX|H!rimeiit,  a  conncsinn  Imtwwn  gravilj 
anil  electricity,  and  no  introduciug  the  former  into  the  group, 
the  cliain  of  which,  includiug  also  magnetism,  cLeinicAl  fui-oe  suid 
heat,  binds  so  many  atid  such  varied  exhibitious  of  force  together 
by  common  relations.  Though  the  resenrehea  I  hare  made 
with  thiji  abjpcl  in  vicir  have  [irodiiccd  only  tiegntivc  rcsulta, 
yet  1  think  a  short  statement  of  the  matter,  as  it  has  presented. 
itaejf  to  my  mind,  and  of  theresoJt  of  the  experiments,  which 
offering  at  fimt  much  to  encourage,  were  only  reduced  to  their 
true  value  by  most  careful  BCJtrchingH  after  $ourcc*  of  error,  may 
be  tiKcfal,  both  oh  a  general  stntcment  of  th»  problcnij  and  aa 
awakening  the  mind.i  of  othcm  to  itii  consideration. 

271K1.  Jn  M'architig  for  some  principle  ou  wliieh  an  expcri- 
mental  inquiry  after  the  idcntilication  or  relation  of  the  two 
forccfl  could  be  founded,  it  seemed  that  if  euch  a  relation  existed, 
tliere  must  be  sotnetUing  in  gravity  which  would  corrc^jiund  to 
the  dual  or  antithetic»l  nature  of  the  forms  of  force  in  eleftricity 
and  magnetism.     To  my  mind  it  appeared    possible   that  the 

ling  to  the  force  or  the  approach  of  graritating  bodies  on  the 
one  hand,  aud  the  effectual  reversion  of  the  force  or  sepnratioQ 
of  the  bodies  on  the  other,  might  present  the  points  of  corro. 
Rpondcnce;  quiescence  (as  to  motion]  being  the  neutral  condition. 
|Thr  final  unehangeability  of  gra\-ity  did  not  sccra  affi^ctcd  by 
•uch  au  a5sum)itiuu  ;  for  the  acting  bodies  when  at  rest  nonhl 
ever  ha\c  the  vame  relation  to  each  other,  aiid  it  would  only  be 
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at  ttie  times  of  motion  to  aud  fro  that  miy  rc^ts  related  tt> 
electricity  cauUl  be  expected.  Sucli  resultH,  if  p(»si1]le,  could 
only  be  fxcet-diDgly  Biniill ;  Ijut,  ifpossllik,  \.  c.  if  true,  no  terms 
could  exu^gcrutc  Lbc  vuluu  ul'  t\\c  rulntiuu  ibey  would  establish. 

9701.  Tlie  thought  ou  wbicli  the  experiiuents  verc  founded 
WMj  that,  as  two  bodies  moved  towards  each  other  by  the  force 
of  gravity,  eurreuts  of  electricity  might  be  developed  cither  iu 
them  or  in  tlic  aurrotmdiiig  matter  id  one  direction;  and  that 
aa  they  were  by  extra  force  moved  from  each  other  against  the 
pover  of  gravitation,  the  opposite  currents  might  be  produced. 
Also,  that  these  currents  would  have  relation  to  the  line  of  ap- 
proach aud  rece«isiuii,  and  not  to  space  generally,  so  that  two 
Ijodies  approaching  wuidd  have  currents  iu  the  opposite  direction 
as  to  »pacc  generally,  but  the  same  as  to  the  direction  of  their 
mottoa  along  the  line  joining  them.  It  will  be  imncccasary  to  go 
further  into  the  euppo»itiona  which  arose  coQCCmiug  theae  points, 
or  r^arding  the  effect  of  forced  motions  either  coinciding  with, 
or  across  the  direction  of  the  earth's  gravitatioUj  and  many 
other  mattcm,  than  to  say  that,  as  the  eifect  looked  for  was  ex- 
ceedingly auuUl,  80  no  hope  was  entcrtabed  of  any  result  except 
by  means  of  the  graritation  of  the  earth.  The  earth  was  there- 
fore made  to  be  the  one  body,  and  the  indicating  mass  of  matter 
to  bo  ex[>erinicntecl  with  Ihe  other. 

2705.  First  of  all,  a  body^  which  was  to  be  allowed  to  full, 
was  auiTDuudcd  by  a  helix,  and  then  its  effect  in  falling  sought 
for.  Now  a  body  may  cither  fall  with  a  helix  or  thi-ongh  a 
helix.  Covered  copper  wire,  to  the  amount  of  350  feet  in  length, 
was  made  into  a  hoUow  eyliudricnl  helix,  aboat  4  inches  long, 
its  internal  diameter  being  1  inch  and  itH  external  diameter  3 
iuches.  It  was  attached  to  a  line  running  upon  an  easy  pulley, 
so  that  it  could  be  raised  30  feet,  aud  thcu  allowed  to  fall  with 
an  accelerated  velocity  ou  to  a  very  soft  cushiou,  its  axis  remaiu- 
uig  vertical  the  whole  time.  Long  covered  wires  were  made 
fast  to  its  two  extremities^  and  these  beiug  twisted  round  each 
other,  were  attacbod  to  a  rcry  delicate  galvauometer,  placed 
about  50  feet  aside  from  the  line  of  fall,  and  on  a  IcFcl  midway 
with  its  course.  The  accuracy  of  the  connexion  and  the  direc- 
tion oi  the  set  of  the  needle,  were  then  both  ascertained  by  the 
introduction  of  a  feeble  thermo-electrie  combination  into  the 
current.     Such  a  helix,  cilher  tn  rising  or  falling,  can  produce 
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Qo  deviation  at  tbo  gaKauoraeter  hy  any  current  due  to  tlie  ma^- 
Dctbm.  of  the  earth  :  for  as  it  remains  parallel  to  itself  during 
the  fall,  sot  lie  lines  o(  equal  mtigtictic  force,  M-hicli  being  parallel 
tathedipjare  intersected  by  the  wire  couvolntious  of  tlic  descend- 
ing helix,  are  cut  with  an  equal  velocity  on  both  sides  of  the 
belii,  and  con&cqtirtitly  no  rlTbct  of  magacto-elcctric  induction 
is  produced.  Neither  in  riaint;  nor  in  falling  did  this  hulix  pre- 
sent any  trace  of  action  at  the  galvanometer ;  whether  the  eon- 
uexioQ  with  thu  galvnuometpr  wns  roiitiniiml  the  whole  time,  or 
whether  it  was  cut  off  just  before  the  diminution  or  eessatioa  of 
motioncithcT  nay, or  whether  the  rising  and  the  faUingwcrc  made 
to  occur  isoclimnoualy  vith  the  timen  of  vibration  of  the  gnlvu- 
nomctcr  needle.  So,  though  no  clfcct  of  gravity  appeared  iu 
the  helix  itsdf,  still  do  boutcc  of  error  appeared  to  arise  in  this 
mode  of  using  it. 

2706.  A  solid  cylinder  of  copper,  three-fourths  of  an  inch  in 
diameter  and  7  inches  In  lengthy  was  now  introdnccd  into  the 
helix  and  carefully  fastened  in  it,  being  bound  round  with  o.  cloth 
so  OS  not  to  move,  and  this  compound  orrangcmcDt  was  allowed 
to  fidi  as  before  (2705.).  It  gave  very  minute  hut  remarkably 
regular  indications  of  a  current  at  the  galvanometer;  and  the 
probability  of  thvse  l>eing  related  to  gra^nty  appeared  the  greater, 
when  it  was  found  that  on  raising  the  helix  or  core,  simdor  in- 
dications of  routrury  currents  appeared.  It  was  some  time  be- 
fore I  was  able  to  refer  these  currents  to  their  true  catwe,  but  at 
la«t  I  traced  them  to  the  action  of  a  part  of  the  connecting 
wires  proceeding  from  the  helix  to  the  grdvnnometer.  Tlte  two 
wires  had  been  regularly  twisted  together,  but  the  effect  of 
many  falls  had  opened  a  part  near  the  middle  distance  into  a 
sort  of  loop,  BO  that  the  wires,  instead  of  being  tightly  twisted 
together  I  ike  the  strands  of  u  rope,  were  separated  for  3  feet,  aa 
if  the  strands  were  open.  In  falling,  this  loop  opcued  out  more 
or  less,  but  always  in  the  same  manner;  and  the  consequence 
was  that  the  port  of  it  representing  the  trausvcrse  opening,  which 
was  furthest  from  the  galvanometer,  travelled  over  a  larger 
ipocc  than  the  corresponding  part  nearest  the  gal vano meter. 
Now  had  they  travelled  through  equal  spaces,  the  effect  of  the 
magnetic  lines  of  force  of  the  earth  upon  them  would  have  been 
etjual,  and  no  effect  at  the  galTanomclcr  would  liuve  been  pro- 
duced; as  it  was,  cnrrents  in  opposite  directions,  but  of  unequal 
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araoimU  of  force,  tcuilc^  to  be  produced,  aiitl  a  current  equnl  to 
the  difference  aclually  appeared.  Such  a  case  is  described  in 
my  earliest  rcscarc'hcs  on  terrestrial  magiio-clectro  induction 
(171.).  It  iH  evident  that  the  current  should  appear  in  the  re- 
vcnic  direction,  a»  the  helix  nnd  wires  arc  raised  in  the  nir,  and 
thiia  arone  the  rc^'eise  effect  described  above.  Therefore  no 
pusrttivc  <)r  favourable  evidence  was  supplied  in  favour  of  tine 
original  assumptiou  by  this  uae  of  a  copper  con;  iu  tlie  helix- 

Sr07.  The  copper  was  selected  as  a  heavy  body  and  an  ex- 
cellent conductor  of  electricity.  On  its  dismissal,  a  bismuth 
cylinder  of  e(]^ual  size  wels  einpluycd  to  replace  it  as  a  eiibKtance 
eminently  dianisgnctic,  and  a  bad  conductor  amongi^t  metals. 
Uncertain  evidence  arose;  bnt  by  close  attention,  first  to  one 
point  and  then  to  another,  all  the  indications  disappeared,  and 
then  the  rising  or  fdUug  o£  the  bismuth  pmduced  no  effect  on 
the  f^alvanotnetcr. 

2708.  An  rVonejlinder  was  also  employed  as  jiujiignctjc  metal, 
but  when  made  pL-rfcctly  secure,  so  as  to  prevent  any  motion 
relative  to  the  bclix,  it  was  equally  indifferent  with  the  copper 
and  bismuth  {2706.  !i707.). 

2709.  Cylindcra  of  gloss  and  shell-lac  were  employed  as 
non-conducting  Bubstanceii,  but  without  effect. 

2710.  In  other  experiments  the  helix  was  fixed,  and  the  dif- 
ferent 9ut)3tances  in  the  form  of  cylinders,  three-fourths  of  an 
inch  in  diameter  and  2-1.  inches  long,  were  dropped  through  it, 
or  else  raised  through  it  with  an  accelerated  velocity  ;  but  in 
neither  eiise  was  any  effect  proilnccd.  Rods  of  copper,  bismuth, 
glass,  shull-lac  and  sulphur  were  employed.  Occasionally  these 
rods  were  made  to  rotate  rapidly  before  and  during  their  fall; 
and  many  other  conditions  were  devised  ajjd  earned  into  effect, 
but  always  with  negative  resnlts,  when  sources  of  error  were 
avoided  or  accounted  for. 

2711.  On  further  consideration  of  the  original  assumption, 
namely,  a  relation  between  the  forces,  and  of  the  effects  that 
might  be  looked  for  conser]ucnt  upon  a  condition  of  tension  in 
and  aniund  the  particles  of  the  body,  which,  as  wc  know,  are  at 
the  same  moment  the  resideniie  of  both  gravitnting  and  electric 
forces,  and  arc  subject  to  the  gravitation  of  the  earth,  it  seenied 
probable  that  the  stopping  of  the  up  and  down  motion  (2703. 
2701.)  m  the  line  of  gravity  would  produce  contrary  effocta  to 
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be  coming  on  of  ihe  motion,  and  tliat,  whether  the  stopping 
vas  sudden  or  gradufi] ;  also  that  &  motion  downward  quirkftr 
than  that  which  grsvity  could  commuuicntc,  would  give  more 
effect  than  Ihc  gravity  result  by  itself,  and  that  a  correspnudiiig 
increase  in  the  Telocity  upwardn  would  he  proportionally  cfTcctual. 
Tn  !>iKh  a  case  a  machine  which  could  give  a  rapid  alternating  up 
aiid  down  motiou,  mij;ht  be  rcry  useful  iu  producing  many 
minute  unitit  of  inductive  action  in  a  funoll  space  and  moderate 
timi' ;  for  thnn^  by  pn)pL'r  commiitatoni,  the  accelerated  aud  re- 
tardcd  parts  of  each  half- vibration  could  bo  separnted  and  re- 
combined  into  one  consistent  current,  and  this  current  could  \k 
sent  tlirongh  the  galvanometer  during  tlic  tioie  it:*  needle  was 
swinging  in  one  direction,  and  afterwarda  reversed  for  the  time 
of  a  nringin  the  other  direction  ;  aud  aoon  alteniHtcly  until  the 
effect  had  become  sensible,  if  any  were  produced  by  the  ai)- 
aumed  cauw. 


S7IS.  The  machine  which  I  had  made  for  this  purpose  is  that 

described  in  the  lost  Scries  of  these  Brscarehea  (JftMS.),  the  elec- 

tro-magnet,  the  esperimentul  core  and  the  rod  which  carried  them 

being    nmovcii : — o,  A,  c,  frame-board  ;  rf,  rf,  rf  wooden  lever,  of 

which  e  is  the  axis;  /the  crank-wheel,  and  g  the  great  wheel 
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with  iU  hnadle  A ;  i  the  bar  connecting  the  crack-wheel  and 
Icvor;  9  the  galranomBteT;  r  the  commutator;  w,  connecting 
wires;  s,  9  springs  of  brass  or  copper;  /  a  copi>cr  rod  connool- 
ing  the  two  arms  of  the  lever  to  gi\'c  atrenglh;  u  the  hollow 
helix  fixed,  or  moveable  st  pleasure.  Tlie  plan  is  to  a  scale  of 
one-fiftccnth.  Being  on  a  moveable  frame,  it  could  ho  placed  in 
any  position.  The  cylinder  of  metal  or  other  suhstaucc  to  he 
submitted  to  its  action,  was  5J  inches  lonf;  and  three-fourths  of 
an  inch  in  diameter,  and  was  firmly  held  between  the  ends  d,  d 
of  the  lever  arms.  The  extent  of  the  alteninting  motion  was  3 
iuelies.  A  hollow  cylindrical  helix  u,  2J  inches  in  length,  and 
of  such  internal  diameter  that  the  cj'lindera  could  complete  their 
rapid  journeys  to  and  fro  within  it  without  any  danger  of  stri« 
king  against  its  aides,  was  constructed,  containing  51G  feet  of 
coi'ered  copper  wire ;  this  cylinder  could^bc  either  fixed  immovc- 
ably  or  attached  Hnnly  to  the  cylinder  under  experiment  so  as 
to  move  with  it.  The  wires  from  this  helix  paxsed  to  the  com- 
mutators  and  from  thera  to  the  galvunomcter.  Part  of  the  mo- 
mentum of  this  machine  was  taken  up  by  ftpnngf  a,  s  {2()I^.)j 
and  converted  into  the  contrary  motion  ;  but  so  much  remained 
undisposed  of  thu«,  that  great  care  was  reqiiired  in  fixing  and 
strutting  to  render  the  action  of  the  whole  very  steady,  or  else 
dernngement  quiclcly  occurrcJ  at  the  cylinder  and  helix,  and 
electro-currents  were  frct|ucntly  produced. 

2713.  The  employment  of  cylinders  of  iron,  copper  and  other 
tubstiLUccs  in  this  machine,  was  competent  to  prodncc  elcctro- 
ciirrents  in  various  ways.  Thus,  iron  might  produce  magneto- 
electric  cuTTcnla  consequent  upon  its  polar  condition  under  the 
influence  of  the  earth  :  these  it  would  he  easy  to  detect  and 
separate  hy  tlicuHC  of  adjusted  mogncta,  which  should  neutralize 
or  reverse  the  lines  of  magnetic  force  passing  through  the  iron, 
Cun'cnts  like  thofsc  induced  in  copper  rylinders  and  good  con- 
ductors (2663.  268 1.) ,  might  be  produced  by  the  earth's  action ; 
but  as  the  lines  of  gravitating  force  and  of  terrestrial  magnetic 
ibrcc  arc  inclined  to  each  other,  these  might  he  BCparatcd  by 
position ;  and  it  appeared  that  there  was  no  source  of  error  that 
might  not  by  care  bo  eliminated.  I  will  not  occupy  time  by 
describing  how  this  long  lesson  of  care  was  learned,  but  pass 
at  once  to  the  chief  results. 

S7I4.  The  copper  cylinder  [27 12.)  was  placed  in  the  machine, 
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and  the  Iiclix  fixed  immovcahly  aroamL  it,  tlic  irliolc  hciug  in 
kucli  a  position  tbiit  the  cylinder  should  be  vertical,  and  move 
up  and  down  panUlel  to  the  line  of  gravitating  force  within  the 
helix.  However  rapidly  the  machine  waa  worked,  or  whatever 
the  ])08itiou  of  the  commutator,  there  was  no  result  at  the  gaU 
ranomct«r.  Cylinders  of  biamutb,  gloss,  sulphur,  gutto  pcrclia, 
&c.,  were  also  employed,  but  with  the  ftamc  negative  conclnsion. 

3ri5.  Then  the  helix  was  taken  from  its  fixed  support  and 
fastened  on  to  the  copper  eylindt^r  so  as  to  move  with  it,  and 
now  very  regular  and  comparatively  large  effects  were  produced. 
Af^r  a  while,  however,  these  were  traced  to  causes  other  tlinn 
gnivity,  and  of  the  following  kini).  1'hc  helix  was  Bxc<l  at  one 
end  of  a  Icrcr,  at  a  point  ZH  inches  from  it«  axis,  and  being  2 
inches  in  diameter  its  wires  on  one  sidp  were  only  21  itielie«,  and 
on  the  other  side  23  inohix  from  this  aiis.  Hence,  in  vibra- 
ting these  parts  travelled  with  vetocitics  and  through  spaces 
which  are  as  21  :  33.  '\A''hcn  therefore  their  paths  were  acrosg 
the  linea  of  magnetic  force  of  the  earth,  olectro-currciits  tended 
to  form  in  these  different  parts  proportionate  in  amount  or 
■trength  to  these  nnmbcrs ;  and  the  differences  of  these  currents 
being  continually  gathered  up  by  the  commutators,  were  made 
scnaihlc  at  the  galvanometer.  This  was  rendered  manifest  by 
placing  the  machine  so,  that  though  the  plane  of  vibration  was 
still  vertical,  the  place  of  the  helix  was  just  under  the  centre  of 
motion,  ami  the  central  line  of  the  helix  therefore,  int^tead  of 
being-  vertical,  was  horizontal.  Now  the  convolutions  of  the 
helix  cut  the  lines  of  mnguctic  force  in  the  most  fat-onrublc 
manner ;  and  the  consequence  was  that  the  commutators  were 
not  rc(]uired,  for  a  single  motion  of  the  helix  in  one  direction 
was  nuflicient  to  show  at  the  galvanometer  the  mngucto-olcctric 
mrrfnts  induced.  If,  on  the  wmtrary,  the  plane  of  motion  was 
made  horiiiuntal,  then  no  current  was  produced  by  any  amount 
of  motion ;  for  thoagh  the  helix  was  as  horixoutul  as,  and  not 
aensibly  more  so  than  before,  yet  the  parts  of  the  convolutions 
vhich  intersected  the  magnetic  lines  of  force  (being  the  npper 
and  the  lower  parts)  now  moved  with  exactly  ctjual  velocity,  and 
no  difTercutial  result  wnn  produced. 

2716.  The  former  small  result  {271D.)wna  therefore  probably 
dependent  upon  an  eGFect  of  this  kind  ;  and  Ihia  was  confirmed 
by  placing  the  mai^bine  in  such  a  position  that  the  axis  of  th« 
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moving  copper  cylinder  and  helix  should  in  its  medium  position 
be  parallel  to  the  line  of  the  dip,  and  then  no  effect  was  pro- 
duced. Other  bodies  in  the  same  position  were  equally  unable 
to  produce  any  effect. 

2717.  Here  end  my  trials  for  the  present.  The  results  are  ne- 
gative. They  do  not  shake  my  strong  feeling  of  the  existence 
of  a  relation  bet-ween  gravity  and  electricity,  though  they  give 
no  proof  that  such  a  relation  eiists. 

Royal  Institution, 
July  19,  1850. 
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^  i.  Noa-tJpantion  ofgajeous  bodies  by  magnetic  force. 

2718.  TiiBttE  can  be  uo  doubt  that  the  magnetic  force,  the  dia-  , 
magnetic  force,  and  the  magncoptic  or  magnecrj-stallic  force, 
Trill,  when  thoroughlj-  understood,  be  found  to  unite  or  exist 
under  »uc  form  uf  power,  and  be  e^seutially  tbe  same.  Hcnoo 
the  great  interest  which  exists  in  the  dcvolupment  of  any  one 
of  these  model!  of  action  ;  Cor  difleriog  so  greatly  u  they  do  in 
rery  peculiar  points,  it  is  hardly  possible  that  any  ouc  of  them 
should  be  advanced  in  it»illtutr»tion  or  cotnprchcuNioti,  without 
a  corresponding  advance  iu  the  knowledge  of  the  others.  Stimu- 
lated by  such  a  feeling,  1  have  been  engaged  with  Plueker,  Weber, 
Iteich  and  others,  in  endeavouring  to  malce  out,  with  some  de* 
gree  of  prwision.  the  mode  of  acttou  of  diama^etie  as  well  as 
i^iecryittallic  hodicD;  and  the  recent  investigation  (2GtO.  &c.) 
cndcarour  to  confirm  the  idea  of  polarity  in  bismuth  an^ 
iaraagnctie  bodies,  the  reverse  of  that  in  a  magnet  ur  iu  iron 
bodies,  wail  one  of  the  resuitt  of  that  conviction  and  de«ire, 

2719.  Having  failed  however  to  Mtabliah  the  existence  of 
such  an  aiitipulnrity,  and  having  shown,  &&  I  think,  that  tho 
phjenoraena  which  were  supposed  to  be  due  to  it  are  iu  fact 
dependent  upon  other  couditions  and  causes,  1  v/aa  induced,  in 
the  nrarrh  after  something  precise  as  to  the  nature  of  diumug.. 
nctie  budicH,  t<j  examine  anotlicr  idea  which  hail  uriitcn  in  con> 
actjueuce  of  the  dcvciopmont  of  magnetic  and  diamaK^ctic  phat* 
Domcna  amongst  ga<ieous  subntnuccs  :  this  thought,  with  some 
of  the  results  whiL-h  have  grown  out  of  it  during  its  experimental 
examination,  I  purpose  making  the  subject  of  the  prcacut  paper. 
'  Philotophical  Traasnclion^  IttSl,  p.  7. 
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S720.  Bancalari  first  sliovrcd  tliat  flame  vaa  diamagnetic'. 
Tbe  effect,  as  I  prorcd,  waa  due  chinfiy  to  the  licatcd  Mate  of 
gascoos  portionRof  the  flume';  but  bcsulcs  thtit,  it  appeared  that 
at  comtnoa  temperatures  diamngnetie  phamomciiit  could  be  ox- 
liibtted  by  gaxes;  and  also  tliat  in  their  production  the  ganeij 
diflferedverymuchoncfrom another^;  sothat taking comiuou  air, 
for  instance,  as  a  standard,  nitrogeu,  and  many  other  gaacn,  ivcre 
stronglvdiamngncticinrclfttioutoit,  whilst  oxygen  took  on  theap- 
pcarancc  of  a  magnetic  body;  for  tfiey  were  rojwlled  from,  while 
it  was  attractctl  to^  the  place  of  maximum  force  in  the  magnetic 
field. 

2731.  Recalling  tlic  gcucrallaw  gircn  respecting  the  action 
of  mogactic  and  diamagnctic  bodies  (23G7.  S-H8.],  oomcly,  that 
the  former  tended  to  go  from  weaker  to  stningor  places,  and  tlio 
latter  from  stronger  to  weaker  pluectt  of  magnetic  power,  and 
applybg  it  to  such  bodies  as  the  gases,  which  are  at  tlic  name 
time  both  liighly  clastic  and  easily  changed  in  bulk  by  the  sujjcr- 
addition  oE  very  small  degrees  of  force,  it  would  eecm  to  follow, 
tlibt  if  the  particles  of  a  ctiamagnetic  gas  tended  to  go  from 
strong  to  weak  places  of  action,  in  consequence  of  the  direct  and 
immediate  effect  of  the  magnetic  power  on  thera,  then  such  a 
gas  should  tend  to  become  enlarged  or  cxpandcil  in  the  mag- 
netic field.  For,  the  amount  of  power  by  wliicli  the  particles 
would  tend  to  recede  from  the  axis  of  tlie  magnetic  field,  would 
be  added  to  the  oxpamiivc  force  by  which  they  before  resisted 
the  pressure  of  the  atmonphere ;  that  pressure  wonld  therefore 
be  in  part  sustained  by  the  new  force,  and  cxpantion  wonld  of 
neceasity  be  the  result.  On  the  other  h^nd,  if  a  gaa  were  mag- 
netic (as  for  instance  oxygon),  then  the  force  cast  upon  the  par- 
ticles, by  such  a  direct  and  immediate  action  of  the  magnetic 
power  upon  them,  %Tould  urge  them  tawardti  the  axis  of  the  mag- 
netic Jield,  and  so  coinciding  Tritli,  and  being  superndded  to  the 
prcMure  of  the  atmosphere,  would  tend  to  cause  contractioa 
nnd  diminution  of  bulk. 

2732.  If  sucli  supposititious  cases  were  to  prove  true,  we 
should  then  l»e  able  to  arrive  at  the  knowledge  of  the  real  zero- 
point  (2-110.2432.  2440.}*,  not  amongst  gases  only,  but  amongst 
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1  rhila»o]>hi<>Al  MftgiuiBft,  1S47,  vol.  xxxi.  pp.  401,  431. 
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lU  bodies,  and  should  he  aUe  to  tell  wltetfaer  such  a  gas  us 
o^gen  vere  a  maguctic  ora  diama^ctic  bodjr,  and  also  abla  to 
rang*  individual  ^aM?s  and  other  suhslancca  in  their  pro|>er 
places.  And  though  I  liad  oncinailT  endeavoured  to  ascertain 
whether  there  was  any  ehange  in  the  hulk  or  air  in  the  magnotic 
6dd,  aud  foutul  none,  still  Vliickcr's  ntjitetneDt  that  he  had  ob- 
tained such  an  effect'^  aud  the  great  enlarf^ment  of  knowlcdgo 
respecting  the  gases  irhich  sinec  then  we  liarc  acquired  relating 
to  their  dtamsf^etic  relations,  aud  cspeeiatly  of  the  great  differ- 
ence which  exists  between  tbcm,  eucoungod  mc  to  proceed. 


2723.  I  first  endeavoured  to  determiuc  whether  tbcro  was  anjr 
afleetion  of  the  layer  of  air  (or  other  gas)  immediately  in  txmtect 
with  the  magnetic  pole,  which,  either  by  the  consequent  cxpan- 
sioa  or  contraction  of  that  laycr^  could  render  it  able  to  affect 
the  course  of  a  ray  of  light  and  thus  make  mftnifcst  the  ohangea 
occnrring  within.  A  metal  screen,  with  a  pin-hole  in  it,  was  set 
up  before  the  flame  of  n  bright  lamp  in  a  dark  room,  and  thus 
an  artificial  star  or  small  defioitc  Uiminoun  object  was  formod. 
Forty-six  fret  from  it  was  placed  the  great  horseshoe  mi^et 
(224rOj  ready  to  be  excited  by  twenty  pairs  of  Orore's  plates  ; 
the  polea  were  in  a  line,  so  that  the,  ray  fnim  the  lamp  pcuiw^ 
for  4  inches  close  to  the  siu-face  of  the  first  pole,  then  through 
6  inches  of  air,  and  then,  for  \  inches,  close  to  the  surfocc  of 
the  second  polo.  A  very  fine  refracting  telescope,  belonging  to 
Sir  James  South,  having  au  aperture  of  3  inches  and  4G  iuehes 
fwal  length,  received  the  ray.  The  telescope  was  fumisbed 
with  a  perfect  micrometer,  ao  that  the  smallest  change  in  the 
place  of  the  luminous  image  could  l«  observed  on  the  threads. 
The  axis  of  the  telescope  was  jiwt  above  the  level  of  the  mag- 
netic poles-  Not  the  smalleist  change  iu  either  the  eharaeter  or 
place  of  the  luminous  image  could  be  observed,  cither  on  the 
making  or  the  hrcakiug  of  the  contact  between  the  rnltnie  hat. 
tcry  and  the  magnetic  wire. 

S724.  As  the  chief  part  of  the  light  which  enme  to  the  tele- 
Kcopc  consisted  of  rayi  n-hich  pnssed  at  some  distAiicv  ahove  the 
magnetic  poles,  these  were  cut  off  by  a  screen,  which  rising  only 
one-eighth  of  an  inch  above  the  level  of  the  poles,  allowed  no  ray 

■  AuBslvc  do  Cl<iini«,  1S%,  vol.  xxix.  p.  131. 
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to  p«u  that  WM  not  within  *hat  distiincc.  The  intensity  of  the 
light  wan  of  course  diminished,  nnd  the  image  was  distorted  by 
inflection  ;  still  iti  placp  waR  well  marked  Iiy  thr  micronK^r. 
Not  the  nUghtc-st  change  in  that  or  niiy  other  character  occurred 
ia  the  Bupcrreution  or  the  withdrawal  of  the  magnetic  force. 

2723.  The  terminals  of  the  magnetic  poles  were  then  varied,, 
BO  thut  the  my  HOiuetiiucn  pu»&cd  ptLfullel  and  close  to  a  lonff' 
rigbt>auglcd  edge,  or  parallel  to  and  between  two  right-angled 
edges,  a  little  above  or  ImjIow  thrm,  or  over  the  line  joining 
two  hcmi^phcneal  polos,  placed  close  together  (and  alno  in  many 
other  way!«),  but  in  no  ciue  did  the  magnetic  action  produce  any  i 
effert  u]«tn  the  coume  of  tlm  ray. 

2726.  In  another  fonn  of  the  experiment  the  telescope  was 
dismissed,  and  a  niniplc  curd,  with  n  pin-hole  j-'.^lh  or  iJotii 
of  ati  inch  tn  diameter,  employed  in  its  place.  The  image  of 
the  Btar  of  light  could  \wt  seen  through  the  pin-hole  in  the  dark 
room,  and  yet  every  ray  tending  to  it«  formation  pa>wod  within 
j^flth  of  an  inch  of  the  surface  of  the  magnetic  pole;  still  no 
eflect  due  to  the  magnetic  force  could  he  observed. 

S727.  Ky  another  arraugcmuut  of  the  polar  terminations, 
auulo{;oiia  to  one  I  had  foroierly  employed  wlien  experimenting 
on  the  diamogtictic  relations  of  the  gases',!  was  able  to  sur- 
roimd  them  with  other  gaseous  substances  than  air,  and  subject 
the  ray  for  2  inches  of  itscoursc  to  these  gases  whilst  under  the 
iaHucnce  of  the  magnet.  Though  the  glass  of  the  cnclofiing 
vcjjsel  disturbed  the  iuiugc  of  the  object,  i.  c.  the  point  of  light, 
yet  it  wft«  easy  to  perceive  that  no  additional  effect  occurred 
wlu>n  the  nmgneti«in  waa  superinduced. 

2728,  Oxygen,  nitrogen,  hydrogen  and  coal-gas  were  thus 
employcil  y  but  whether  any  one  of  these,  or  whether  air  itself 
was  submitted  to  c:tnjniuatioD,  ^vhcn  in  contact  with  the  active 
pole  of  a  very  powerful  magnet,  it  did  not  appear  to  be  cither 
expanded  or  condciifiinl  to  nueh  a  degree  as  to  cause  any  sensible 
change  in  its  refractive  force. 

272y.  In  order  to  compare  the  expected  result  with  the  real 
result  due  to  change  of  volume,  I  took  a  bar  of  iron  7  luchos 
long,  and  placed  it  so  that  the  ray  from  the  luminous  object  in 
pMftiug  to  the  eye  should  proceed  by  the  side  of  the  bar  at  not 
more  than  ^'^th  of  an  inch  from  it,  and  then  raiacd  the  tempera- 
Philoeupliii^  Ma^-Axlue,  1B47,  voL  xxxi,  pp.  414,  415. 
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tore  of  the  bur  Kndaftltj,  notil  by  cxpimdiDg  the  air  ia  contiust 
vith  it,  the  coursR  of  the  ray  of  li^tit  vr^^  scn-sibly  atTcctnt  ;  to 
do  Uiis  it  required  to  be  ex&ltcd  maay  decrees.  Wben  the  ftir 
of  the  place  vm  %i  G0°  and  tbc  iron  nuscd  to  100"  Fahr.,  tbe 
effect  was  not  distinct.  Hence  it  seemed,  tlint  obsen-utiou  af  the 
expected  change  of  volume  of  tbc  air  would  be  rendered  far  more 
sensible  by  some  nrmngemcDt,  mcasunng  that  change  directly, 
than  by  such  mennn  as  tha^e  referred  to  alxive,  dependent  on 
rcfractiTC  force ;  for  it  is  certain  that  the  change  of  volume,  in  a 
very  amall  quantity  of  air,  raised  from  60°  to  100°,  would  be 
«iy  evident  by  the  former  method.  Ou  the  other  hand,  it  w»» 
jnst  possible  that  if  the  air  or  gas  was  affected  by  the  magnet,  it 
might  only  be  in  that  film  immediately  coniiguous  to  the  pole; 
and  also  that  great  diffcrcnce-t  in  the  degree  of  change  might 
i-xiftf  along  the  edge  of  a  eolid  angle,  and  along  the  aides  of  the 
plane*  forming  that  angle.  Hence  the  assumed  necessity  for 
examining  those  parts  by  a  ray  of  light;  and  every  precaution 
was  taken,  by  tncliniug  tlie  course  of  the  ray  a  little  more  or  less 
to  the  sides  or  edges  of  the  poles,  and  by  making  the  sides  or 
edges  very  slightly  convcs,  to  include  cvcrj-  variation  of  the  ex- 
periment, that  might  bclp  to  make  any  magnetic  or  diamoguctic 
effect,  whether  special  or  local,  or  general,  manifest ;  but  n-ith- 
out  effrtrt. 


2730.  I  proceeded,  as  these  attempts  bad  failed,  to  endeavour 
to  dclcrmiue  and  compare  the  votuaie  of  air  subjected  to  the 
magnetic  force,  before  and  aller  its  subjeettun  ;  and  there  seemed 
to  be  the  greater  hope  of  obtaining  some  results  in  this  way, 
prondcd  any  snch  change  was  a  conBcqiienco  of  the  action  of 
magnetic  poucr,  because  air  and  gases,  at  aconsidcrablcdistaneo 
frxim  the  surface  of  the  magnet,  are  known  to  be  strongly  affected 
diamaguetieally,  and  because  Plucker  bail  already  said  he  bad 
obtained  such  change  of  volume  (2732.). 

27^\.  The  first  instrument  constructed  for  this  purpose  was 
of  the  following  kind.  To  blocks  of  soft  iron,  cacli  1  inch 
thick  and  3  inches  scjuarc^  having  filed  and  ftnttened  mirfat^es, 
were  prepared ;  and  also  a  sheet  of  copper,  gigth  of  an  inch 
in  thickncM  and  3  inches  square,  having  its  middle  part  cut 
away  to  within  03  of  an  inch  of  the  edge  all  round.  This  plato 
or  frame  was  then  placed  between   tbc  irou  blocks,  and  the 
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wliole  lield  together  vory  tiglitly  hj  copper  screvrs,  so  ag  to 
make  an  air-chamber  j^th  of  an  inch  wide  auj  24  inches  square, 
having  the  faces  of  the  blocks,  which  were  to  become  the  mag- 
netic polra,  for  its  Bidca.  Three  apertures  and  corresponding 
pa^^ages  gave  access  to  the  interior  of  this  chamber;  small  stop- 
cocks were  attached  to  each.  By  two  of  these,  any  gas,  after 
it  had  been  properly  dried,  could  be  sent  into  the  chamber,  or 
BWL'pt  out  of  it,  by  any  other  entering  gas  ;  and  to  the  third  was 
attached  a  gatigc  (2732.)  for  the  purpose  of  iudieuting  and  mea- 
sm-tug  any  change  of  volume  wliieh  might  occur.  The  edges  of 
the  central  copper  plate  and  the  heads  of  the  countersunk 
screws,  were  touched  with  white  hard  vaniish,  and  the  chamber 
thus  rendered  perfectly  tight,  mider  every  condition  to  which  it 
bad  to  be  subjected  (Gg.  1}. 

Fig.  I. 


2732.  Tlic  gauges  were  formed  of  small  capillary  tubes  from 
I '5  to  3  )uchr.s  in  length,  the  diameter  in  the  middle  of  their 
length  being  less  than  ooc-half  of  that  at  cither  termination. 


Rff.2. 
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These  were  fixed  at  one  end  into  a  small  socket,  which  screwed 
on  to  the  third,  or  gauge-cock  mentioned  above  (2731.).  A 
minute  portion  of  spirit,  coloured  by  cochineal,  being  put  into 
the  external  end  of  this  gauge,  from  a  slip  of  wood  or  glass,  im- 
mediately advanced  to  the  middle  or  narrowest  part,  forming, 
as  it  always  should  do,  a  »inglc  portion  of  fluid.  By  shutting 
thi!  cuek^  this  little  cylinder  could  be  easily  rirtained  in  ita  place 
uudiHturbcd  during  the  (illiug  oC  the  air-chamber  with  gas,  and 
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tbe  adjastment  of  its  pressure  to  equality  M-itU  Ibat  of  tLc  atuor, 
apbere.  On  shutting  tlie  other  cocks  and  opening  tlie  gauj 
cock,  the  gau^  was  tlien  rcaJv  to  show  any  change  of  volume 
wbich  the  supervention  of  tht>  mnguelie  force  uiiglit  cause ;  but 
to  giTc  it  tbc  highest  degree  of  sensibility,  it  was  necessaty 
^^riotuly  to  make  the  liquid  cylinder  travel  right  and  left  of 
its  ptaeeof  rest,  that  the  tube  might  be  moi«tcDcd  ou  each  side 
of  the  indicating  fluid  ;  an  effect  easily  obtained  by  incHuiog  the 
ehamber  tu  and  fro,  the  ^avity  of  the  fluid  making  it  pans  one 
way  or  th«  other.  But  this  and  inauy  other  uccCMary  [irecnu- 
tions  A«  to  position,  tcmpcrattire,  &c.j  cau  only  be  learned  Irom 
cxpcrieuee. 

2733.  VThen  this  box  was  iu  its  place,  it  stood  between  tite 
poles  of  the  g:rcat  electro-mag^oet,  with  the  plane  of  tbc  gas> 
chamlicr  in  the  equatorial  position  ;  then  square  blocks  of  sofl 
iron,  resting  on  the  magnet  polcfl,  were  made  to  abut  and  bear 
against  the  sides  of  the  box,  so  that  in  fact  the  inner  faces  of 
the  air-chamber  were  the  virtual  magnetic  poles,  and  l>eing  3 
inches  sqnare  were  only  ^th  of  an  inch  apart.  Hence,  what- 
ever air  or  gas  was  within  the  chamber,  would  be  aubjccted  to  a 
ycry  powerful  magnetic  sctioti,  and  could  have  very  unali 
chjuiges  in  its  bulk  measured ;  but  ic  is  perhaps  necessary  to 
observe,  that  it  would  l>e  eontaini--<l  in  a  field  baring  everywhere 
lines  of  equal  niaguetic  power  (2-i03.  2-165.). 

S734.  Air  was  introduced  into  the  box,  and  when  all  was 
properly  arranged,  the  place  of  the  indicating  fluid  was  observed 
by  a  microscope.  Then  the  magnet  was  rendered  powerfully 
active,  and  there  appeared  a  very  slight  motion  of  the  fluid,  as 
if  the  air  were  a  little  exiwindedj  on  tsking  off  the  magnetic 
force  the  fluid  returned  to  its  first  phice.  The  same  effect  rc- 
carred  again  and  again.  Tbc  amount  of  this  change  was  very 
Email,  ami  there  was  reason  to  refer  it  to  the  prussurc  cscrciMd 
by  the  magnet,  when  in  action,  upon  the  midcs  of  the  iron  box ; 
for  aftcrvaixls,  when  the  box  was  placed  in  a  vice  and  ftqiiceienl, 
the  same  motion  iu  the  fluid  occurred  ;  and  further,  whcu  the 
iqnarc  blocks  of  soft  iron  (2733.)  were  kept  apart  by  an  under 
block  of  wood,  so  as  not  absolutely  to  touch  and  press  the  box, 
the  effect  was  reduced  to  almost  nothing. 

2735.  Oxygen,  nitnigen,  carbonic  acid  and  nitrooa  oxide 
gases,  were  then  introduced  successively  into  the  iron  box,  aii<l 
with  exflctiv  the  same  result  us  with  air.     No  difference  appeared 
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between  oxfgcn  and  the  other  gases,  greatly  as  tliey  differ  in 
magnetic  and  diamugnctic  force  and  n;lations.  llydrogea  and 
ooal-gos  were  slno  subjected  to  experiment ;  but  when  tbcsc 
gsses  were  in  the  Ihix  there  vas  a  grnduni  reeension  of  the  indi- 
cating fluid,  due,  aa  I  found,  to  the  absdrption  of  the  g^ttes, 
probably  cither  by  the  varnish  or  ecmeut  or  cork  used  at  tlic 
gauge,  or  at  the  joint!)  of  the  box.  The  delicacy  of  the  guugc 
was  thus  made  manifest;  but  when  the  effect  was  taken  iuto 
account,  it  was  ftiunfl  that  these  gaaes  were  equally  uuaAccted 
in  bulk  BB  the  other  gasca  by  the  magnetic  inftuence. 

Sr.Stt.  The  diameter  of  the  saugc,  ut  the  place  where  the  fluid 
was  placed,  was  rather  Icsh  than  i,^oth  uF  an  inch.  Au  amount 
of  motion  equal  to  -,  ^n*''  of  an  inch  was  easily  discerned.  Com- 
paring these  numbers  with  the  enpaeity  of  the  gas-ehauiher,  it 
would  appear  that  if  the  gas  in  the  latter  had  expanded  or  con- 
tractod  to  the  extent  of  ;;^th  part,  the  rcjjult  woiihl  have  been 
vieihlc;  or  any  difference  approacliiu^  lo  this  amount,  between 
oxygen  and  nitrogen  or  the  other  gu»cs,  would  have  become 
BCnsiblo,  Imt  no  meh  effecti  or  difftfi-fneva  appeared. 

2737.  As  the  establiiihmeiit  of  either  the  occurrence  or  tho 
abgence  of  change  of  volume  in  gase^,  when  under  themagnetic  in- 
fluence, appeared  to  mo  to  be  of  greatand  almost  equal  importance, 
I  was  led  to  consider  nhethcr,  in  the  experiment  juat  dcserihcd, 
the  circumstance  of  the  gases  having  been  subjected  to  the  mag- 
netic power  in  n  fielrl  of  equal  force  (^733.)  might  not  have  in- 
terfered with  the  prnihietion  of  the  effect  itnught  for;  for  such  a 
field  is  that  where  the  dianiiiguetie  phffiuomena,  of  solid  and 
liquid  bodies,  occur  in  the  mottt  uufuvouj^hle  manner,  and  where 
indeed  they  almost  entirely  disappear,  1  therefore  conBtnieted 
another  apparatus  so  that  this  eoudition  was  removed,  and  in 
which,  if  the  particles  of  the  diamagnetic  gas,  by  any  unknown 
disposition  of  the  powers  in  action,  tended  only  to  pass  from 
strong  to  weaker  places  of  force,  and  being  thus  incapable  of 
enlargement  in  the  axial  direction,  would  only  show  that  effect 
equatorial  ly,  the  opportunity  for  their  doing  so  should  be  present. 

2788.  A  cylinder  of  soft  iron  had  the  cen- 
tral parts  rrmovctl  in  a  lathe,  uutil  it  had  aa-  ^ 
aumed  the  form  of  uu  hoiir-glaas,  or  thai  re 
pre«ented  tu  %,  3,  which  is  to  a  scale  of  onc- 
thirtl.  "When  ]daecd  between  the  poles  of 
the  magnet  instead  of  the  former  box^  it  wi 
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expected  Uiat  the  continnation  of  the  iron  tbronglioiit  \roud 
prevent  uy  diminutioa  of  its  length,  &om  the  pressure  of  the 
poles  (2734.),  and  th&t  the  dianiQgnctic  phiGuoiuena  would  bo 
sbuQdantly  produced  in  Uic  paru  front  whence  the  iron  hod 
been  rcmorcd.  The  latter  waa  found  to  be  the  fact,  for  flame 
^nnokej  bismuth  and  other  dlnma^^netic  matter,  vhon  placed 
B,  pissed  cqnatorially  very  freely. 

2739.  A  copper  tube,  3*5  inches  long,  mndc  of  metal  0-1  of 
an  inch  thick,  was  fitted  to  the  iron,  so  that  when  in  ila  plnce 
it  should  occupy  tlic  position  rcprc&euted  (6g.  3),  and  could 
easily  be  made  perfectly  gas-tight  by  a  little  soft  cement.     In 

^this  iray  it  formed  an  annular  air-chamber  round  the  iron,  which, 
rbea  measured,  vas  found  to  have  a  capacity  of  rather  more  than 
3  cubic  inches,  and  included  the  most  intense  part  of  the  mag- 
netie  field.  These  stopcocks  were  fitted  into  this  copper  jaekot, 
by  two  of  which  ga.9  was  passed  into  and  out  of  tlic  chamhorj 
an<l  the  third  was  appropriated  to  the  prcsnnrC'gaiigc  us  l>cfore. 
Whilst  naked,  thin  apparatus  could  not  be  used,  because  of  its 
evn^Tarying  temperature,  and  the  consegnent  disturbance  and 
ejectmcDt  of  the  fluid  in  the  gauge ;  bnt  when  clothed  in  three 
thicknesses  of  flannel  ite  temperature  was  perfectly  steady  ;  and 
by  the  furtlier  use  of  wooden  keys  to  turn  the  cocks  the  ap- 
paratus became  unexceptionable. 

2740.  Before  prccceding  to  employ  this  apparatus  with  dif- 
ferent gaaee,  and  in  order  to  obtain  some  idea  of  what  might  bo 
expected  by  comparing  one  gas  with  another,  I  made  a  prelimi- 
nary experiment,  dependent  on  the  rehitive  specific  gravities  of 
air  and  hydrogen,  of  tlie  Eollowing  nature.  It  is  easy  to  dilTiise 
a  trace  of  ammouia  through  the  air  of  a  jar,  by  putting  n  little 
paper  wetted  with  a  strong  solution  into  it' ;  and  it  is  equally 
easy  to  send  a  jet  of  hydrogen^  containing  the  Hmallcnt  portion 

<of  muriatic  acid  gas,  by  n  borisoutal  tube  into  the  nmmontatcd 
ir.     Wlieu  this  is  done,  the  course  of  the  light  hydrogen  in  the 
ry  air  is  rendered  very  distinctly  visihlc  and  it  is  seen,  on 
'^Icaving  the  horizontal  tube,  to  turn  at  once  upwards  and  to  as- 
cend rapidly,  becoming  wire-drawn  in  its  course,  in  euuscquenco 
of  its  small  BpcciBc  grarity  compared  to  air. 

2741.  Two  hemispherical  iron  pole  termiuatioiM,  aasneiatcd 
with  the  great  magnet,  were  then  placed  in  couluct  with  each 
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other,  so  that  they  miglit  be  surrounded  either  hy  air  or  oxygen' 
and  tie  jet  of  hydrogen,  delivering  at  the  rate  of  Gcubiciitchesper 
minute,  wo-i  placed  exactly  beneath  the  axial  line,  iu  the  ce-utrc 
of  the  magnetic:  tichl.  When  there  trus  no  magnetic  force  em- 
ployed the  hydrogen  rose  vertically,  breaking  against  the  pomta 
vhcre  the  hcmi!>phericiLl  poles  touched;  but  when  tlic  mag- 
netic power  waa  on,  the  stream  of  hydrogen  divided  into  two 
parts,  moving  right  and  left,  and  ascended  in  tno  streams  at  a 
distance  from  the  point  of  contact.  Now  this  division  took 
place  at  a  certain  diHtancc  below  the  axiat  line ;  and  at  that  pointy 
Dotwitliatanding  the  asccngive  powcrof  hydrogen  in  airoroxygen, 
it  was  constrained  to  go  hoiizon tally  by  the  apparently  repulsive 
power  of  the  magnetic  force,  and  did  not  in  its  furtlier  course 
approach  nearer  to  the  axial  line,  but  formed  a  airvc  concentric 
Y-ilh  it,  or  nearly  so,  so  that  the  compound  streams  of  gas 
aesumcil  exactly  the  shape  of  a  tuning-fork. 

27-15.  When  air  occupied  the  magnetic  field,  the  division  of 
the  dtrcam  of  hydrogen  was  0'3  or  0'32  of  an  inch  below  the 
axial  line.  When  oxygen  was  about  the  poles,  then  the  division 
of  the  hydrogen  took  place  as  fnr  off  as  055  of  an  inch  below 
the  niial  line,  llcnec  at  thcf)c  dt»ta<ncc»  the  power  which  tended 
to  make  the  hydrogen  pass  from  the  axial  line,  cquatorially  id 
the  direction  of  the  radius,  was  equal  to  the  difference  of  the 
specific  gravity  of  hydrogen  compared  with  that  of  air  and  oxy- 
gen respectirely.  At  lesser  distances  the  power  would  be  much 
greater ;  and  indeed,  if  in  any  experiment  the  hydrogen  waa 
delivered  nearer  to  the  axiat  line,  it  was  blown  downwards  and 
away  with  much  force.  Calculating  with  these  data,  and  still 
assuming  that  the  diamagnetie  gases  receded  from  the  axial 
line,  in  consequence  of  the  direct  action  of  the  magnet  and  that 
onlv,  causing  them  tu  pass  from  stranger  to  weaker  places  of 
action,  t  found,  as  I  thought,  reaaou  to  Iwlicvc  that  the  more 
diamagnetie  gases,  occupying  the  space  within  the  copper  box 
(2789.),  might  pruhahly  he  expanded  at  least  ^J^th  part  of  their 
volume  by  th<:  magnetic  force.  Now  the  gau^^cs  that  I  employed 
were  sensible  when  the  fluid  in  tlicm  moved  the  ^  /,„tb  of  an  inch 
(273G.) ,  yet  that  spooe  is  only  the  jjiij_^th  part  of  the  capacity  of 
the  ehamher,  and  therefore  sneli  an  expansion  as  that  above 
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voaki  bare  made  it  more  tfaroogb  0-4  of  an  inch  ;  a  quantity 
abuDilantly  sufficicot  to  rcodcr  the  mult  lensiblc  if  the  fooda- 
lla]  aMsnmptioD  wciv  correct. 
274-').  Air  was  first  submitted  tothepover  of  the  great  hone- 
■•hoe  ms^ct.  tirgcd  hr  tventT  pain  of  Grove'ii  plates  in  this 
Bpparatua  (2739.)  •  TTip  fl"'fl  moved  \rTy  slightlv  autirards,  as 
if  a  little  cxpaitsion  occurred  on  putting  ou  the  magnetic  force, 
•and  returned  vhen  the  force  ia  taken  off.  This  small  effect 
was  found  nftcrwiu'ds  to  he  due  to  oompreuion,  occasioned  by 
the  tendencT  of  tlie  magnetic  poles  to  approximate  (2734.) . 

2744.  Oxygen  presented  exactly  the  same  oppcarauccs  aa  com- 
mon air  mid  to  the  f-ame  amount,  90  that  no  ciTcct,  due  to  mag- 
*aetic  or  diamagnctic  action,  itas  here  evident,  but  only  that   of 
the  compmijiioa  obserred  in  the  ease  of  ur  (27<t.').)- 

^r-i5.  Nitrogen  gare  exactly  the  same  results  as  oxygen  and 
air.  Now  nitrogen  is  probably  mme  diamagnctic  tlian  hydro- 
gen, and  aliuuld  therefore  have  given  a  striking  contrast  with 
oxygen,  if  any  positive  results  were  to  be  obtained. 

27 iG.  Varbouic  a«rf  and  nitrous  oxide  gases  yielded  the  same 
[3i«gatiTe  resultji,  and,  as  I  believe,  when  tlie  appratus  was  in  aii 
uncxceptipnablc  eomlitiou. 

2747.  There  is  at  tlic  PImrmaeeuticQl  Society  an  cscelleot 
elet-tro-rangnct,  of  the  horseshoe  form,  similar  in  arrangement 
to  uur  own  (2247.),  but  far  more  powerful,  and  this  through 
Mr.  Kedwood  I  was  favoured  with  tljc  use  of,  for  the  repetition 
of  the  foregoing  experiments  at  the  house  of  the  Society.  Tho 
iron,  which  is  very  soft  ami  good  iu  quality,  is  a  square  bar,  5 
turhcfl  in  thickness,  and  the  medium  line  '\*  50  inches  in  length. 
It  has  1500  feet  of  copper  wire,  0175  of  an  inch  in  thickucss, 
coiled  round  it,  and  arranged  (when  I  used  it)  in  one  continuoua 
length.  The  moveable  terminal  pieces  for  the  polca  ore  massive 
iu  proportion  to  the  magnet.  Kighty  pairs  of  Grove's  platca 
were  nscd  to  exeilu  this  magnet,  and  as  it  wns  found,  by  preli- 
minary trials,  th:il  \\\e%c  were  most  powerful  when  arranged  ua 
four  twentieii,  with  their  similar  ends  couucclcd,  they  were  so 
used,  coiisl  itnting  a  batWirj-  of  twenty  iwiirs  of  plates,  in  which 
eacli  platinum  plate  was  4x9  inches  in  the  immened  part,  and 
therefore  presented  72  square  inches  of  Biirfacc  towiird«  the  active 
xinc. 

2748.  On  repeating  the  former  experiments  (2743.)  the  effect 
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of  pressure  vas  again  cridcat,a»(i  it  iras  manifcat  that  tbemo£- 
nct  itself,  thougli  5  inches  in  thickness,  wm  a  Utile  bent  by  the 
mutual  attraction  of  its  [K)Ie9.  Tlie  nfTpnt  wns  very  small,  booauae 
of  tbe  unity  of  the  intn  core  i>a.i»iiig  through  the  centre  of  the 
cxpcrimcntdl  gas-chambcr  (2738.).  It  waatle  only  effect  indi- 
cated hy  tho  gaiigi^  and  naa  ilie  same  for  all  the  gase* ;  and 
■when  ttilowancc  was  made  for  it,  nothing  remained  to  indicate 
any  cbnogc  iu  volume  of  the  gas  itself. 

2749.  Air,  oxygtm,  mtroijpn,  carbonic  acid  and  nitrom  oxide 
■were  submitted,  ia  varying  order,  to  the  cfl'cct  of  this  very  pow- 
erful magiict,  but  not  tlic  slightest  trace  of  change  of  bulk  in 
any  of  thcni  apiieansl. 

2750.  I  tliiuk  that  the  experimenti  are  in  every  respect  suffi- 
cient to  decide  that  tlicac  gases,  whether  they  are  conRidcreA  as 
magnetic  or  diamagnetic  bodies,  or  whether  they  include  bodies 
of  both  classes  (for  osygcn  ia  in  striking  contrast  to  the  rest), 
arc  not  aft'eetcd  iu  volume  by  the  magnetic  force,  whether  in 
fields  oF  equal  power  (^737.),  or  in  places  where  the  power  is 
rapidly  diminishing.  I  tliink  this  decision  very  important  in 
relation  to  the  true  nature  of  the  magnetic  force,  either  as  exist- 
ing in,  or  acting  upon  the  partiolea  of  bodies;  and  as  in  the 
magnetic  fiold  the  force  cthibits  itaelf,  not  as  a  central  but  as  an 
asial  power,  so  the  further  distinction  of  the  pliaenomena,  into 
such  lis  arc  related  to  the  axial  direction  (3733.],  and,  such  as 
are  related  to  or  include  the  equatorial  direction  (2737.) ,  is  not 
unimportant,  for  they  allow  that  the  particles  do  not  tend  to 
separate  either  parallel  to  the  iinca  of  magnetic  power,  or  in  a  di- 
rection pei-pendicular  to  these  Hues.  Without  the  experimenta, 
the  mind  might  have  considered  it  very  possible  that  one  of  these 
modes  of  cjtpanftion  might  have  occurred  and  not  the  other, 

2751.  No  doubt  it  ih  true,  that  even  yet  changes  in  volume  in 
these  directions  may  occnr,  providc<l  the  change  in  one  dii-ection 
18  expansion  and  iu  the  other  contraction,  ana  that  these  ore  in 
amount  equal  to  each  other.  It  was  partly  in  reference  to  such 
IMissible  changes  (which  may  be  considered  as  molecular),  that 
the  experiments  with  the  ray  of  light  were  made  (2723.  2729.), 
and  also  that  In  these  and  other  cxperimcDts  instituted  for  the 
purpose,  a  polari/cd  ray  was  cmploywl  as  the  examiner  j  but  the 
results  were  always  negative,  -when  by  repetition  and  care  source* 
of  error  were  rcmorc<l. 
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2752.  The  great  diffcrcucM  ui  th«  degree  o£  diama^ctic  sus- 
ceptibility and  conditioD  wliicll  tbc  gases  employed  ia  the  fore- 
going cxperimenbi  posters  vr  can  as&nmv.,  are  such  as  to  make 
OQC  ready  tti  Kiippooe,  that  if  tbuy  show  uo  tt-ndency  to  uiiy  caoe 
to  change  m  volume  under  the  aciioa  of  the  maguet,  au  neitber 
woukL  aoy  other  gas  ur  vapour  do  bo,  hut  timt  all  tlie  iudivjduuU 
belonging  to  this  great  class  of  bodies  irould  he  alike  iii  tbat 
respect.  In  connexion  vith  tbiii  coneluuou  1  may  iitate,  that  I 
have  on  former  occasiuus,  and  more  lately,  eudeavourcd  to  lucer- 
tain,  by  tbc  use  of  »ery  delicate  app;iratus  and  pouerful  elcctro- 
msgncta,  whether  any  change  vaa  produced  in  tbc  volurao  of 
ruch  fluids  as  irater,  alcohol  aud  solutiou  of  sulphate  of  iron, 
but  could  obserre  no  effect  of  the  kind,  and  I  do  not  believe  in 
its  existeDce.  Still  morc  reccutlyj  aud  in  reference  1o  the  class 
uf  Boltd  bodies,  I  have  submitted  iron  as  a  magnetic  metal,  and 
btsmutli  as  a  diamagnetic  body,  to  the  narac  examination;  tlic 
metals  were  employed  Iwth  in  the  state  of  solid  cylindera  and  of 
filings  or  fragments.  The  cylindew  were  put  into  glass  tubes 
and  the  particles  iulo  glass  bottles ;  gaugen,  like  those  described 
(3732.),  were  applied  to  tbcm,  and  that  part  of  the  containing 
vamcl  vbieh  was  not  lilted  with  metal,  was  occupied,  in  one  set 
of  expcriraeitts,  by  air,  and  in  another  by  alcobol,  yrt  in  no  case 
could  the  least  change  tn  the  volume  of  the  iron  or  hiaiuuth  he 
observed,  however  powerful  the  magnetic  force  to  which  they 
were  submitted. 


2753.  One  other  result  of  a  rcpidsivc  force  seemed  possible 
even  in  cases  when,  according  to  a  former  supposition  (2751.), 
the  teudciicy  to  cxiiand  cquatoriully  might  !«  compensated  by 
an  etpud  amount  uf  tt^udcucy  to  contract  in  tbc  axial  direction, 
namely,  tbat  of  the  [troiluction  of  currents  outwards  or  cquatori. 
ally,  t,  e.  iu  hues  perpendicular  to  the  magnetic  axis,  where 
poiutal  poles  or  the  hour-gliw?  core,  already  described,  were 
used,  ami  uf  other  current!)  suttiug  iu  towards  tliat  ti»e  along 
the  incUucd  surfaces  of  the  iiolur  tcrniuialions ;  lu  some  iIcgRx 
like  IliOMC  occurring  5u  ijowcrfullv,  and  trsicrd  so  readily  when 
flame  or  hot  uir  is  observed  iu  air«  or  nhcn  n  stream  of  oito  gOd 
U  observed  m  another  gas'. 
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2754.  When  however  tlie  gas  ocenpyiug  ihc  whole  of  the 
magnetic  IipIiI  wiut  uniform  in  naturr  and  alike  iii  ietnperalnrc, 
not  tlic  slightest  trace  of  surh  rurrcnts  as  tlieac  could  be  oli- 
Mrved.  It  ia  not  cnsy  to  dcrisc  unexceptionable  tests  of  sticli 
raotioii*,  bccmisc  visible  bodies  iutroiluced  into  such  a  inag- 
iielir  field  to  test  tlic  luovcnirnls  of  the  «ir  tliere,  arp  thrm* 
selvra  diuinogiictic;  nnd  if  tli^y  form  »  little  t»ol.itcd  eloud,  are 
marcd  togcthrr  and  awaj-  as  a  iliatnugiietic  body  would  lie; 
but  when  thr  wboir  field  was  occujiiL-d  pretty  equally  by  very 
light  particle*  of  dust  or  lycopodimu,  and  the  magnet  in  power- 
ful action,  DO  signs  of  current*  in  the  air  were  visible.  Knrther, 
when  a  faint  strenBi  of  dilTiisr  cold  smolio  from  a.  tajwr  »pai'k' 
noa  uUuwcd  to  fall  or  rise  a  little  un  cine  side  of  llic  axial  line, 
it  was  determined  ontwards  and  cquaturiully  ;  but  though  it 
went  outnanl-t  witli  the  mtiHt  force  when  et)uidistant  from  the 
two  conical  |)olca,  or  their  rcprescutalivc  parts  in  the  donbic 
iron  OiTC  {27'S>i.),  still  when  it  was  made  to  pons  near  to  one 
»ide^  it  eontiniicil  to  go  outwarda  and  equuloriallj',  even  when, 
from  its  close  vicinity  to  the  iron  Burfacc,  it  had  as  it  were  to 
move  oxer  it;  showing  that  the  tendency  of  the  amokc  was 
outwanla  in  tx-ery  pari  of  the  magnetic  fitld  occupied  hy  air  or 
gas,  and  that  therefore  its  motion  was  due  to  the  action  of  the 
ma^et  on  it  as  a  diamagnctic,  and  not  to  currents  of  the  air, 
wticb,  if  existing,  would  be  inwanU  in  one  place  or  diroclion, 
and  outwards  in  another. 

375S.  When  magnetic  or  diiunagnctie  fluids  were  subject  to 
the  magnetic  fon-c  upon  a  plate  of  niicjt  over  tlit:  [lules,  iK-eording 
to  the  ingenious  arrangement  of  Pliicker,  they  quickly  assumed 
the  different  forniit  correspondent  to  tJieir  nature,  but  after  that 
there  was  no  further  motion  or  current  in  them.  ITie  ca«e8  are 
no  doubt  dilTcrunt  to  those  where  the  wliole  of  the  magnetic 
field  is  OMupied  by  the  same  medium  j  still,  as  far  a»  it  goes,  it 
helps  to  confirm  the  omcliiMinn  that  no  currents  are  formed. 
On  putting  the  same  liquids  between  the  poles  in  glass  cells,  no 
maguetic  current*  eoiild  be  obaervcd  in  them,  though  fine  par- 
tides  were  introduced  into  the  fluids,  for  the  purpose  uC  making 
such  changes  of  place  visible,  if  they  uecurrcd. 

2750.  So  them  is  no  cviiicnec,  cither  by  tlic  action  on  a  ray  of 
light  {2727.  2729.),  or  by  any  esparision  or  contraction  (2750.), 
'  fliilosopliicnl  MngEziuc,  1847,  loJ.  lui.  p.  403. 
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or  by  the  prodoctJon  of  any  curcente  (2754.),  that  the  magnet 
exerts  any  direct  pover  of  attraction  or  repulsion  on  tbc  [mrticlcs 
of  the  diflferent  gaivs  trieil,  or  that  tlicy  move  iu  the  uiaguetic 
Hcld^  as  they  are  kuown  tu  Ao,  hv  any  auch  iiutuediulc-  atlraction 
or  rcpuUiou. 

%  ii.  D\ffereiiiial  uiagiutic  aciioH. 

2757.  Then  vhat  ia  the  cause  of  tlic  diamagnctie  eliauge  of 
place?  The  eSect  is  evidently  a  differeutinl  rcsnit,  depending 
upon  the  differences  of  the  two  portions  or  masses  of  matter 
occupying  the  niagii(;tic  lichl,  as  the  air  and  the  struains  uf  ulhcr 
^n»  in  it',  ur  mercury  and  the  tube  of  air  in  it  (3407.),  or  natcr 
and  the  picec  of  bisoiuth  in  it  (2.301.) ;  and  thoiiffh  exhibited 
only  in  the  action  of  masses,  tbc  latter  must  no  doubt  owe  their 
dJflVrence*  tothequalitieaof  thcpartielcs  eompwing  tbcin.  Yet 
it  li  to  be  uhxerved,  that  no  attempt  to  separate  the  perfeetly 
mixed  particle!*  of  very  difTcrrnt  subRtanccs  has  ever  succeeded, 
ttiDugh  made  with  rao»t  powerful  magnets.  Oxygen  and  uitro' 
gen  differ  exceedingly,  vet  no  appcitmncc  of  the  k'^ast  degjce  of 
Bcparation uccurred  in  very  powerful  maguctic  fields'*.  In  other 
cspcrimcnta  I  have  enclosed  a  dilute  sululion  of  sulpluttc  of  iron 
in  a  tul»,  and  placed  the  lower  end  of  the  tube  between  the  polea 
of  a  powerful  horseshoe  magnet  for  days  together,  in  a  place  of 
perfectly  uniform  temperature,  and  yet  without  the  lra»t  appear- 
ance of  any  concentration  of  the  solution  iu  that  end  which 
might  imlicatc  a  tendency  in  the  particlca  to  separate. 


2758.  The  diamagnetic  pTucnomena  of  tbc  gtsca,  when  eoimi- 
dcred  a»  the  differential  result  of  the  action  of  rolumea  of  these 
bodies,  may  be  produced  and  examined  in  a  very  useful  manner 
by  the  employment  of  soap- bubbles,  as  follows : — A  glass  tuhu 
waa  fitted  with  a  cap,  sto|icoRk  and  bladder,  so  that  any  given 
gu  contained  in  the  bladder  might  be  Hcnt  through  it,  and  also 
with  a  foot  or  stand  so  that  it  might  be  placed  in  any  required 
jwsitiou.  The  end  of  the  tube  was  drawn  down,  hi-iit  nt  right 
angles,  and  cut  off  straight  across  at  the  extremity,  being  of 


■  I'hilotojtiikal  Magnxia*-,  1^7,  vol.  xxjiL  p  400. 
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tLe  size   aud   slinpc  repre- 
sented iu  fig.  4.  t" 

2759.  It  iif  easy  to  blow      > 

8oap-but)blea  at  tbc  cud  of 
such  a  tube,  uf  aay  size  up 
to  uu  iucli  in  diameter,  aud 
retain  tliciu  fur  tlie  lime  re- 
quired by  tlie  action  of  the 
stoircock.  The  soapy  water 
should  be  preparrd,  wLeu 
wanted  (ajid  uot  beforehand), 
by  puttinga  cutting  or  two  of  soap  into  alittlc  cold  distilled  water, 
fur  then  bubblos  of  the  tliinnest  aud  most  ctiiiablt.'  texture  can 
be  blown,  wbich  are  more  mobile  than  if  tliicker  iiudft  be  used, 
imd  if  a  little  care  be  taken,  quite  permanent  cnougli  for  crcry 
useful  experiment.  The  end  of  the  pipe  abould  be  perfectly 
clean  and  free  from  bctcrogenoous  matter  (wULch  is  often  de- 
structive of  the  bubble),  and  should  be  wetted  both  inside  and 
outside  with  the  soap- water,  and  Ififl  awhile  in  it  hfforr  i«e. 

2"flO.  If  a  bubble  be  blown  with  the  end  of  the  tube  down- 
wards, and  be  half  an  inch  in  diameter,  it  will  usually  have  a 
little  extra  water  at  the  bottom,  and  will  bang  from  the  slender 
extremity  of  the  tube  by  an  attachment  bo  small  a»  to  allow  it 
great  freedom  of  motion.  Jicucc  it  will  swing  to  aud  fro  like  a 
poudulum;  and  according  as  there  is  more  or  les*  water  at  the 
bottom,  it  will  vibrate  more  or  less  rapidly,  will,  b.s  a  whole, 
gravitate  more  or  less  powerfully,  and  therefore  will  retain  its 
perpendicularly  depcnileut  pnsitlmi  with  more  or  less  stability, 
— cire»imstaucc3  whieU  arc  very  useful  in  the  employment  of  the 
bubble  as  a  maguetic  or  diamngnetic  tndieator. 

2761.  The  regulation  of  the  rrlntive  ijuantity  of  water  which 
«  iu  or  upon  tlie  bubble  is  easily  obtained  within  certain 
limiU.  If,  af^cr  the  pipe  is  dipped  in  the  soap-water,  the  end 
be  touched  with  u  piece  of  wood  or  glass  rod,  which  ha4  alao 
been  kept  iu  the  soap-wattr,  more  or  less  of  the  liquid  may  he 
removed ;  aiid  by  observing  the  height  at  which  tlic  lluid  etands 
by  capillary  action  within  the  tube,  which  may  be  vai'ied  between 
y'jth  and  J  an  im-h^  it  is  easy,  after  a  few  ox|)erimeutal  trials,  to 
observe  how  much  ia  required  to  make  a  bidibk'  charged  with  a 
certain  amount  of  watcij  and  how  little  to  give  a  bubble  without 
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ouj*  dependent  water  below ;  aad  then  it  a  jiut  «s  easy,  hy  ta- 
nuj^og  the  amount  of  nater  beforehand,  to  blow  a  bubble  of  any 
required  cbaracter.  Even  when  no  drop  of  watvr  U  leEt  at  the 
bottom,  still  a  rmigL'  uf  thickneM  or  tbitmew  in  the  film  itself 
can  be  obtained. 

27G'l.  .\s  the  biibltk-a  coiilatn  Iras  and  less  of  water,  so  arc 
tbcyrcndcwsl  more  sensitive  iiithciractiou.  They  vibrate  slower, 
aud  are  more  easily  moved  by  forces  applied  ktei'ully  to  them. 
The  diainagnetic  effect  of  tbc  Koap-water  constituting  them  is 
less,  and  therefore  that  of  the  gas  L-outaiiicd  within  them  com- 
paratirely  greater.  If  the  bubble  is  very  thin,  the  dependent 
position  becomes  a  [)osilion  of  unstable  etiuilibrium,  for  any  in- 
cUnation  of  the  tube,  or  any  lateral  force,  however  small,  then 
causes  the  bubble  to  pass  to  one  side,  and  to  run  up  and  adhere 
to  the  side  of  the  tube,  fig.  5.  Fig.  a. 

The    dependent    position    sup-   , 

plica,  in  inclosed  spaces  or  at- 
mospheres, an  exceedingly  de-  ^~^^^~~^~~~ 
licate  indicator ;  and  even  when 
the  bubble  is  ou  the  side  of  tbc 
tube  it  still  forma  a  I'ery  rahi- 
ablc  inatrument,  for  it  freely 
moreB  round  the  tube  as  axis  ; 
Mid  as  it  possesses  a  ccrtaiti 
degreo  of  steadiness,  it  can  be 
held  in  the  magnetic  field  in 
any  position,  and  by  its  motion  to  or  from  llic  aual  Hue,  xhowH 
very  well  the  magnetic  or  dianingiietic  couditiou  of  the  gas  con- 
liiincd  iu  it  in  relatiou  to  the  aurroundins  air. 

2r(>3.  If  the  month  of  the  tube  he  tume<l  upwanis,  bubbles 
of  the  thinnest  texture  ean  b«  blown;  but  they  are  then  also 
very  unstable  in  position,  and  run  tii  the  side  of  the  tube ;  they 
cau  be  UBCil  as  indicators^  tus  a^Mive  (2702.).  If  the  mouth  of 
the  tube  be  made  broader,  the  bubbles,  being  thin,  can  bo  re* 
toined  standing  ou  the  extremity  ;  Imt  as  their  attarhmciit  io 
larger,  bo  they  require  more  force  to  move  them  sideways,  and 
they  lose  iu  delicacy  of  indication.  It  is  coDvenieat,  In  work- 
ing'with  such  bubbles,  to  umke  them  nearly  equal  in  sixe  and 
thickness  for  the  same  set  of  comparative  experiments.  I 
asually  employ  them  about  half  an  inch  in  diameter. 
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^M.:  On  bloving  sucli  a  liubble  with  air,  in  the  dependent 
position,  fjlactjig  it  iii  t\ic  angle  uf  tlie  donble  pole  on  s  level 
iritli  tlie  axial  Itue  (fiR.  fi),  and  then  jmlting  on  tlie  magnetic 
power  by  tlie  Hse  of  tiTPulj  [Miir  uf   ptaU-i),  Fi^.ti. 

tbc  bubble  was  deflected  outwards  from  tlic 
axial  lino  (or  ciinatorially)  wilb  a  <?crtain 
nmoiint  of  Ibroe,  and  j-oluriioil  tu  tin  first 
position  oik  the  interruption  of  the  electric 
current.  The  deflection  was  uot  i^rcat,  und  being  due  to  the 
wak-r  of  tlie  bubble,  guvu  mi  iiuiiciilioii  of  the  uniouiit  of  that 
efl'cct,  to  be  tiseil  as  n  correction  iu  c^tjicritucntHifitli  other  gaacA. 
'27f)D.  Nifrogtm  m  air. — A  bubble  of  nitrogen  wmit  outwards 
or  etjuatorially  in  common  air  with  a  forre  much  surpiissiug  tbc 
outwiii-d  tcnJcncy  of  a  bubble  of  air  i27&l.),  in  a  rery  atriking 
niid  illustiiilive  manuer.  ]t  was  ofteu  driven  uji  from  llie  end 
to  tbc  side  of  Ibe  tube;  !iud  nbeu  on  the  side,  if  presentetl  in- 
wnrdfi,  it  was  driven  to  the  outaide  of  tbc  tube,  and  however  tbc 
tube  was  turned  round,  kept  that  pasitiou  il«  long  as  the  magnetic 
force  ua-s  mniiitniiied,  Tliis  effect  is  inon*  striking  when  it 
is  considennl  that  four.fiftbs  of  the  air  itself  is  iiitrogeu  gas, 

2TfiO.  Orygrn  in  vir. — Tin;  cflcrt  was  Tcry  imprOMivc,  tlic 
bubble  bcinj;  inilled  iiiwarils  or  towards  the  nxial  line  sharply  auil 
Kuddenly,  cxaclly  as  if  the  oxygen  were  highly  magnetic.  The 
result  was  expected,  being  in  aecordanee  with  tbc  pbreuomena 
preseutcd  by  oxygen  ami  uitrogeu  iu  a  former  investigation  of 
the  dinmngnetic  plinniomcna  of  the  gases'. 

2707.  Sitratta  oxidf  uttd  tiUfiatit  tfaaes  in  air.— Tlie  bubble* 
went  outwards  or  diamagueticiiUy  with  a  force  much  greater 
tiiau  that  due  to  the  eflect  of  tbc  water  of  the  bubble,  proving 
the  relation  of  thc»c  gasca  to  air,  and  according  with  the  results 
formerly  obtained  with  streams  of  thc»o  substances*. 

2768,  There  is  no  diflleiilty  in  applying  this  method  of  ob- 
sctrratiun  tu  rxperimuut/s  with  ga.><cs  in  atiuusphcres  of  other 
gases  than  air,  provided  tlicy  be  tiucU  us  do  not  destroy  the 
bubble;  but  1  do  uot  cousinue  liuie  by  detailing  tbc  results  of 
Hueb  experiuieiits,  whieli  aeconlcil  [icrfectly  with  tbctc  before 
obtained''*.  The  description  given  ia  ([uite  sutUeieiitto  illustrate 
the  point  stated,  namely,  that  the  motion  uf  the  giues,  one  in 
'  1*)iil'j))»i>liiml  Magnzin;,  ' 


lUd.r.41]. 
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uother,  when  in  tlic  magnetic  6clil,  U  a  diflereutlal  resuir,  and 
supply  suflicicut  eases  for  reference  licrcaftcr. 

2769.  Tlic  Name  concliiHion,  that  the  rfTcct  is  n  diOcrcntiul 
i't»uU  (if  the  utas4c^  of  luiittcr  prtscut  in  the  lua^uetic  lieUI,  ia 
al»o  niaiiifcst  from  the  coiiskileratiou  of  the  castos  uf  gUHCoiui, 
liquid,  aud  Kulid  dianiii^ictic  bodies,  utlvnnrcd  in  a  furnicr  part 
of  thesi>  Ut-scareties  {2-J0i>-l4.)  ;  and  a  concluHiiiii  of  tlic  sauiu 
kind,  MS  regards  ini^iirtic  IxMiies,  uiny  iilso  be  drawn  from  ex- 
periment* then  described  (SMI-fiH.). 


1  iii.  T^taynttic  characters  of  Oxygen,  AV/roiytTi,  and  Space. 

2770.  The  differciitial  uctitm  of  two  portiona  of  ga.<i,  orof  aoy 
two  bodice,  may,  by  a  more  clalMratc  method,  be  csamiiml  in  a 
maimer  far  more  iiilereHtiiig  and  important  than  that  just  de- 
scribed. TIicMuode  of  uL-tion  referi"cd  to  may  even  be  nmdc  the 
basi-n  of  iiiBtruuiciits,  by  which,  probably,  most  Important  intli- 
eationa  nud  mcaHiirrmealii  of  both  lua^etic  and  diamagnetic 
actions  may  Ixt  ubtaiiu-d,  leading  to  results  vhich  arc  not  crcii 
aa  yet  contemplated  by  the  imagination. 

2771.  If  two  portions  of  matter,  gaseous  or  liquid,  are  tied  to- 
gether and  placed  in  a  fijnnmctric  magnetic  field,  on  opponitc sides 
of  the  magnetic  nxix,  tbey  will  be  viinuItaiieou^lyalfeeCeil.  If  both 
are  diamagnctic,  or  Inu  magnetic  than  the  medituu  occupying 
the  magnetic  field,  both  will  tend  to  go  outwards  or  equatorinlly  ; 
4M|UBlly  if  they  arc  alike,  but  nnctjnally  if  they  differ.  Tlic  eou- 
se(|ucucc  will  be,  that,  if  they  arc  plaeeil,  in  the  firet  instance, 
ef|nidist!Uit  fn«u  the  magnetic  axis,  the  supervention  of  the  maf(- 
Detic  fun;c;  will  not  alter  their  pusitiou,  provided  they  be  alike; 
but  if  they  dilTer,  then  their  pimition  will  be  changed ;  for  the 
miMt  diamngiictic  will  move  oiiLwardx  i-iiuatorinlly,  pidling  the 
least  diamaguctic  inwards  until  the  two  are  in  such  new  poaitiuna 
^at  the  forces  acting  on  them  arc  equipoised,  and  they  will 
asRume  a  position  of  stable  ecpiilibmm.  Now  the  ditrtanee 
Uiroogh  which  ihey  will  move  may  lie  used  indirectly,  or  better 
xtill,  the  force  nrqutred  to  restore  tticm  to  their  equidistant  po« 
■itiun  may  be  employed  direotly  to  estimate  the  tendency  each 
had  to  go  from  the  magnetic  axis;  that  is,  to  give  their  relative 
diamagnctic  iutctittiticx. 

2772.  TItat  I  might  submit  gtises  to  «ueh  a  method  ofexami- 
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nihtion,  I  selected  a  piece  of  rery  tliiu  aud  regular  fliut-g^loss  tubCi 
about  iV'"  of  an  mch  external  diameter,  and  not  more  than  gi^th 
of  nn  inch  in  tliickrics?,  and  driLwirii;  at  the  ljlow-]iipD  lamp  two 
?(^uab1e  portions  of  thin  tidw  into  tlie  shape  and  size  represented, 
fig.  7,  in  n-hicb  thv.  barrel  jiart  is  1|  inch  long,  1  filled  one  witli 

F%.7. 


oxygen  gas  ami  tlie  other  with  nitrogen  gas,  and  then  sealed 
them  up  heriueticidly.  The  end  of  the  prolonged  part  of  each 
was  touched  whilst  warm  vr ith  seaUng-wax  and  a  tlirrad  fastened 
to  it,  which  thread  was  tied  into  a  loop,  also  represented  uf  full 
fiiac.  By  Iho&o  the  tubes  were  to  be  suspended  porpendieulBTly 
flora  a  torsion  hatauec,  no  that  tlie  middle  of  each  should,  when 
in  place,  l>c  ou  a  level  with  the  magnetic  axi*. 

2773.  The  torsion  balance  consisted  of  a  bundle  of  sixty 
equally-Btretclied  cocoon  silk  fibres,  made  fust  above  to  a  vertical 
axis  carry  in);  a  liorizontal  ind<?x  and  );raduatcd  plate,  and  below  to 
a  lioriEontal  lever,  A  cross  bar,  nbont  1  {  inch  long,  was  attached 
to  one  end  of  this  lever,  ako  in  tlic  horizontal  plane;  and  cm 
the  extremities  of  tbis  cross  bar,  and  8J  uiches  from  the  centre 
of  motion,  were  hung  the  two  tubes  of  oxygen  and  nitrogen 
(2772,),  counterbalauecil  by  a  wciKlit  on  the  other  arm  of  the 
lif)ri»oiital  level.  The  whole  wn«  thus  »o  placed  and  iidju^tcd  in 
relation  to  the  clcetro- magnet,  furnished  at  the  time  with  the 
double  couc  core  or  keeper  (27(it.),  that  the  middle  part  of  each 
tube  waa  level  with  the  middle  of  the  core,  and  equidintaul  on 
each  side  from  it.  Under  these  circumstances,  if  any  motion 
iroa  given  to  the  balance,  so  as  to  make  ita  arm  vibrate,  tlie 
vibrations  were  made  with  great  i>1o«ticss,  in  consequence  of  the 
weight  of  the  whole  moving  airangeincnt,  and  the  small  amount 
of  torsion  force  ia  the  cocoon  silk. 

277'i.  The  moment  the  magnetic  force  was  thrown  into  action 
all  thiugs  changed.  Tlie  oxygen  tube  was  immediately  carried 
tawiun]»  towards  the  axis,  and  the  nitrogen  tube  driven  outwards 
on  the  contrar>*  ii'ide.  The  balAticc  swung  beyond  its  new  place 
of  rest  aud  then  returucd  with  considerable  power,  vibrating 
many  times  in  tlie  period,  wUieb  before  was  HUed  by  a  single 
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3752.  The  great  diffurences  iu  the  degree  oE  diamaguctic  sur- 
ccptibility  and  condition  wUicb  the  gaacs  cuiployed  iu  the  fore- 
going  cxperimeuta  (lysBtsa  or  can  assume,  are  siicL  as  to  make 
one  ready  to  suppose,  Itiat  if  they  sbow  do  tendency  in  auy  case 
to  change  in  volume  under  the  actiou  of  the  magnet,  xo  neither 
wouk)  any  other  gas  or  vapour  do  so,  but  that  all  the  iudividuals 
belonging  to  this  great  elui^  uf  bodies  uoiitd  be  alike  iu  thut 
rcipcct.  In  connexion  with  this  conclusion  I  may  state,  that  I 
have  on  former  occasions,  and  more  lately,  cmlcRTOurciI  to  ascer- 
tain, by  the  use  of  very  delicate  apparatus  and  powerful  clcctro- 
iinajfuets,  nhcthcr  any  change  was  produced  in  the  volume  of 
■uch  fluids  as  Tatcr,  alcohol  and  solution  of  sulphate  of  iron, 
but  could  observe  no  effect  of  the  kind,  nnd  1  do  not  believe  iu 
its  exiMtenoe.  Still  more  recently,  and  in  reference  to  the  eiass 
of  solid  bodies,  I  have  submitted  iron  as  a  magiictiu  metal,  and 
biamutb  as  a  diamagnetic  body,  to  the  same  examination ;  the 
tl&etats  were  employed  both  in  the  state  of  solid,  cylinders  and  of 
flliugs  or  fragments.  The  cyhodcrs  were  put  into  glass  tubes 
and  the  particles  into  glass  bottles  ;  gauges,  like  those  described 
(2732.),  were  applied  to  them,  and  that  part  of  the  containing 
'vessel  which  was  not  filled  with  metal,  was  occupied,  in  one  set 
of  experiments,  by  air,  and  in  another  by  alcohol,  yet  in  no  case 
|COuld  the  Icft-^t  change  in  the  volume  of  the  inm  or  bisinuth  be 
obvervcd,  however  powerful  the  mugiielic  force  to  which  they 
were  submitted. 


2753.  One  other  result  of  a  repulsive  force  Rcemed  pojtsible 
even  in  cases  when,  according  to  a  former  BUpposition  (2751.), 
the  tendency  to  expand  equatorially  might  be  compensated  by 
an  equal  amount  of  tendency  to  contract  iu  tin:  axial  direction, 
namely,  that  of  the  production  of  currents  outwards  or  cquatort- 
ally,  I.  e.  in  lines  perpendicular  to  the  magnetic  axis,  where 
pointed  poles  or  the  huur-glass  core,  already  described,  were 
tta«)>  and  of  other  currents  setting  in  towards  that  line  along 
the  ineliucd  surfaces  of  the  polar  tvrmiuntions ;  iu  some  degree 
like  those  oeeurring  so  powerfully,  nnd  traced  so  i-eadily  when 
flame  or  hut  air  is  observed  in  mt,  or  when  a  stream  of  one  goa 
^is  obecncd  iu  another  gaa'. 

■  FkUowpliical  Mogaaoe,  te47,  vol.  xzxi.  |  ;i.  4<>2,  *tH,  400. 
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2754.  liVheD  liowcvcr  the  gas  o(!Ciip.vuig  iKc  whole  of  ilic 
magnetic  field  was  uniform  in  natun;  ami  alike  in  tfinperatiin;, 
nut  thi-  nligiitr^t  trace  of  ntieli  i^iirrt:tiU  as  tlicsc  coiilil  be  ob- 
aerrcd.  It  ia  Dot  easy  to  dcvinc  uacxcciitioaablc  teste  of  *ueh 
motions,  hccaiuc  visible  bodies  iutrodaocd  into  such  »  inag- 
netu'  field  to  te*t  the  movciuciitii  of  thu  air  there,  arc  tbem- 
seWes  dinmo^nctic;  aud  if  Ihcy  form  a  liltlt;  isolated  L-loud,  arc 
iDorrd  togctlirr  and  awav  as  a  dinmitguRtir  bodv  would  be ; 
but  whi-n  tiir  vliolc  field  na»  orrii|jifd  pretty  eqiiailly  by  very 
li|;bt  purlirlcs  of  diuit  or  iTcnpodium,  amt  tlii.'  uiiiKiict  in  power- 
ful action,  no  signs  of  currents  in  tin:  air  ivcrc  *  isiblc.  Further, 
when  a  fniiit  stream  of  difluac  coM  ninokc  from  a  taper  siwirk' 
nail  utldued  to  full  or  nt$e  n  little  ou  one  side  of  the  axial  line, 
it  was  detm-mlned  outwards  and  etjiintorially ;  but  though  it 
went  outwards  with  the  most  force  wlicn  c(iuidi»tant  from  the 
two  eoiiical  polcn,  or  their  rrprraentBtive  parts  i»  the  double 
iron  core  {3?38.),  still  when  it  was  luodc  to  pass  near  to  one 
side,  it  continued  to  go  outwards  and  eijuatorially,  even  when, 
from  itH  close  vicinity  to  the  iron  surface,  it  had  aw  it  were  to 
mure  over  it;  showing  that  the  tendency  of  the  smoke  was 
outwards  in  everi/  pari  of  the  magnetic  field  occupied  by  air  or 
gaa,  aud  that  therefore  its  motion  was  due  to  tlic  action  of  the 
nia|(uet  on  it  as  a  diamagnctic,  and  nut  to  curn-nLs  of  the  air, 
which,  if  existing,  wonld  be  inwarda  in  tiuc  (dace  or  direction, 
and  outwards  iii  another. 

2/55.  When  magnetic  or  diamsf^ctic  fluUU  were  buIijoitI  to 
the  magnetic  force  upon  a  plate  of  mica  oTcr  the  poles,  8cc!on1iiig 
to  the  ingenious  arrangement  of  Pluckcr,  tbcy  quickly  assumed 
the  different  forms  correjiiouilent  to  tJicir  nature,  but  after  that 
there  was  no  further  motion  or  current  in  them.  The  cases  arc 
no  doubt  different  to  those  where  the  whole  of  the  magnetic 
field  is  oeenpicti  by  tlic  same  medium  ;  still,  an  far  as  it  goes,  it 
helps  to  confirm  the  conclusion  that  no  currents  arc  funned. 
On  putting  the  same  liqnids  between  the  {>olcs  in  glass  cells,  no 
magnetic  currents  could  be  observed  in  tbeui,  though  fine  jsir- 
ticles  were  introduced  into  the  Hulds,  fur  the  pur|iuse  of  making 
aucb  cliaiigcs  of  place  risible,  if  they  occurred. 

2756.  So  there  is  no  evidence,  cither  by  the  aetiou  on  a  ray  of 
light  (2727.  2739.],  or  by  any  etpansiou  or  contraction  (2750.}, 
'  Piiiloi»phical  Ms^iuia^  1647,  vol.  xxxi  jt.  403. 
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or  by  the  production  of  any  currents  (2751.),  tliat  the  magnet 
exerts  aay  direct  power  of  atlractioii  or  repulsion  on  the  particles 
of  the  ditfcront  gasea  tried,  or  that  they  move  in  the  magnetic 
6eld,  as  tbcy  are  kiiomi  to  do,  by  any  ouch  immediate  attraction 
or  repiikion. 

%  ii.  Differentiai  magnftir.  acfioH. 

2757.  Thru  what  is  the  cansc  of  the  diamagiirtie  cliaiige  of 
plMi-?  The  cfleet  is  evidently  a  differciitiul  r;:&ii It,  depending 
upon  the  differences  of  the  two  portions  or  masses*  of  matter 
occupying  the  ma^ictic  field,  as  the  nir  and  the  »lrcam»  of  other 
gM  in  it'jormcrcury  and  tlie  tube  of  nir  in  it  {2U)7.),  or  water 
snd  the  piece  of  bisnmlh  in  it  (2301.);  and  though  i-shihitcd 
only  in  the  action  of  ma^^cs,  the  latter  must  no  dmiht  owe  Llieir 
differences  io  the  qualities  of  the  particIcH  rompo&ini;  Uicm.  Vet 
it  la  to  be  observed,  tb&t  no  attempt  to  seporutc  the  perfectly 
mixed  particles  of  very  different  substances  has  ever  succeeded, 
ihough  made  with  nio»t  powerful  ma{;iietH.  U.vygeii  and  nitro- 
gen differ  cxeeedingly,  yet  no  flpptaniucc  of  the  least  degree  of 
■cparation  <x;ciirrr(l  in  very  powerful  maguetie  fields'.  In  other 
C-xpcriincnLi  1  have  enclosed  a  dilute  solution  of  sulphate  of  iron 
in  a  tube,  and  plaiM^  the  loner  cud  of  the  tube  between  the  poles 
of  a  powerful  horseshoe  magnet  for  days  together,  in  a  plnco  of 
perfectly  uniform  temperature,  and  yet  without  the  least  appear- 
anec  of  Any  concentration  of  the  sulutiun  iu  that  end  which 
might  indicate  a  teudcucy  iu  the  particles  to  separate. 


2758.  Tlie  diamagnetie  phienoinena  of  the  gases,  when  consi- 
dered as  the  differential  result  of  the  action  of  volumes  of  these 
bodies,  may  be  prodnced  and  exnmincd  in  n  very  useful  manner 
bj-  the  employment  of  soap-biibblw,  as  follovffl  : — A  glass  tube 
was  fitted  with  a  cap,  stopcock  and  bladder,  so  that  any  given 
gas  contained  iu  the  bladder  might  be  Rent  through  it,  aud  aUo 
with  H  foot  or  stand  so  that  it  might  he  placed  iu  any  refjuired 
position.  The  end  of  the  tube  was  drawn  dowa,  bent  at  right 
angle*,  and  cut  off  straight  across  at  the  extremity,  being  of 


PbilcMphical  Marion,  IM?,  vol  xui  p.  109. 
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the   size    uud    sLapo 
eentcd  in  fig.  4. 

2759.  It  is  easy  to  blow 
8oap-bubblcs  at  the  cud  of 
»uch  B  lube,  uf  aiiy  size  up 
to  nn  iucb  in  diameter,  and 
retain  them  for  the  time  re- 
quired by  the  uction  of  the 
stopcock.  The  aoiipy  water 
bliould  bo  prepared,  when 
wanted  (aud  uot  beforehand), 
by  putting  ft  cuttitij^or  two  of  soap  iuto  a  littte  cold  distilled  water, 
for  tht.-n  hnbbles  of  the  thinnest  and  most  equable  tcsture  can 
be  blown,  which  arc  racirc  mobile  than  if  tUicUer  suds  Ire  used, 
and  if  a  little  care  be  taken,  quite  pcrmoiicut  enough  for  every 
useful  experiment.  Tic  end  of  the  pipe  should  be  perfectly 
clean  and  free  from  heterogeneous  matter  (which  ia  often  de- 
structive of  the  bubble),  and  should  be  wetted  both  iuaide  and 
outside  with  the  ttoap-water,  and  If/i  atcftife  in  it  brforr  iwc 

3760.  If  a  bubble  be  blown  with  the  cud  of  the  tube  ilown- 
ward^i,  and  be  half  an  inch  in  diaracter,  it  will  usually  have  a 
little  extra  water  at  the  bottom,  and  will  hang  from  the  slender 
extremity  of  the  tubo  by  an  attucbmcnt  »o  small  as  to  allow  it 
great  freedom  of  motion.  Hence  it  will  swing  to  aud  fro  like  a 
pendulum  ;  and  aeeonling  as  there  is  more?  or  less  water  at  the 
bottom,  it  will  vibrate  more  or  leas  rapidly,  will,  as  a  whole, 
gravitate  more  or  Ipss  powerfully,  aud  therefore  will  retain  iti 
perpendicularly  dcpcndfut  pusitiun  with  more  or  less  stability, 
— circumstances  which  arc  vcrj-  useful  in  the  employment  of  the 
bubble  a»  u  magnetic  or  diamagnetic  indicator. 

2701.  The  regulation  of  the  relative  quantity  of  water  which 
is  in  or  upon  the  bubble  is  easily  obtained  within  certain 
limits.  If,  after  the  pipe  is  dipped  in  the  soop-water,  the  end 
be  touclicd  with  a  piece  of  wood  or  glass  rod,  wbicli  has  also 
been  kept  iu  the  soap-water,  more  or  les-a  of  the  liquid  may  be 
removed;  and  by  olwerving  the  height  at  winch  the  fluid  8tnnd« 
by  capillary  action  within  the  tube,  which  may  be  varii'd  between 
j'^th  and  ^  au  indi,  it  is  easy,  after  a  few  experimental  trials,  to 
observe  how  much  is  required  to  make  a  bubble  charged  with  a 
certain  amount  of  water,  and  liow  little  to  give  a  bubble  without 


ahotpn  by  buihleg  of  gaa. 

an  J  dependent  water  below;  and  then  it  U  just  as  easy,  by  ar- 
ranging tlie  amount  of  water  beforehand,  to  blow  a  bubble  of  any 
required  character.  Krcn  when  no  drop  of  water  ia  left  at  tho 
bottom,  still  a  rongi:  of  tbickacse  or  thinness  in  the  film  itsirlf 
can  be  obtained. 

'i7&l.  As  the  bubbles  contain  less  and  less  of  water,  so  arc 
they  rendered  more  sensitive  in  their  action.  They  ribrate  slower, 
and  arc  more  easily  moved  by  forces  ajiplicd  laterally  to  them. 
The  diumagnetic  effect  of  the  soup-water  constituting  them  is 
less,  and  therefore  that  of  the  ^oa  eontaincd  withia  thcui  cum- 
paratitely  greater.  If  the  bubble  is  rcry  thin,  the  dependent 
position  becomes  a  {Ktaitinti  »E  iinntable  equilibrium,  for  any  in> 
cliuatioa  of  tho  tube,  or  any  lateral  force,  howcter  amall,  then 
causes  the  bubble  to  pasa  to  one  side,  and  to  run  up  aiad  adhere 


Fig.  5. 
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to  the  side  of  the  tube,  fig.  5. 
The  dependent  position  sup- 
plies, in  inclosed  spaces  or  at- 
mospheres) an  exceedingly  de- 
licate indicator;  and  even  when 
the  bubble  is  on  the  side  of  the 
tube  it  still  forms  a  rery  valu- 
le  instrument,  for  it  freely 
inoves  round  tlic  tube  as  axis ; 
and  as  it  possesses  a  certain 
degree  of  steadiness,  it  cou  be 
held  ill  tho  magnetic  (icld  iu 
any  position,  and  hy  its  motion  to  or  fram  the  axial  line,  shown 
eery  well  the  rangiictic  or  diamagnctlc  condition  of  thegASCoa- 
taiaed  iu  it  iu  relation  to  the  surrounding  air. 

S763.  K  the  mouth  of  the  tube  be  turned  ujiwnrda,  bnbhlca 
of  the  thiniicat  texture  can  be  blown;  but  they  are  thcu  also 
very  unstH.blc  in  position,  and  run  to  the  side  of  the  tube ;  they 
can  be  used  ati  indicators,  as  above  (376S.).  If  the  mouth  of 
tbe  tube  he  made  broader,  the  bubbles,  being  thin,  can  be  re. 
tained  standing  on  the  extremity  ;  but  lu  their  attaclimeut  ia 
larger,  so  they  require  monr  force  to  more  them  sideways,  and 
they  lose  iu  delicacy  of  irdication.  It  is  conveuieut,  iu  work- 
tug 'with  such  bubbles,  to  make  them  nearly  equal  in  size  and 
tbiekuess  for  tbe  same  set  of  comparative  experiments,  t 
luiuUy  employ  them  about  half  an  inch  in  diameter. 
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Diffrrtmtiat  magnetic  action  [Srbies  XXV.  ' 

27ii4.  On  blowing  suck  a  litibblc  villi  air,  in  titc  dependent 
pcHtition,  placing  it  in  the  an^le  of  the  double  pule  ou  a  Icrcl 
with  tlic  axi»l  line  (lig.  (i),  ami  tbcn  putting  on  tbe  magnetic 
powpr  by  tlie  use  of  twcuty  pair  of  plates,  Fig.  6. 

llie  bubblr  was  ilcflccl*ii  outnaixls  froiu  the 
uxial  line  (or  rquntoriallv)   vitli   a  certain 
auouut  of  force,  and    retiimctl  to  il»  6rst 
pOHition  on  the  interruption  of  tlic  electric 
current.     'Die  deflt'ctinii  was  not  ^reat,  and  bi>inj{  due  to  tlie 
wat«?rort]ie  bubble,  gave  nii  iiulieatton  of  tlic  amount  of  that 
effect,  tu  be  used  a.**  n  oorroctiiiti  iu  eijicrtiucnts  witb  other  gasc». 
2765.  Nitrogen  in  air. — A  bubble  of  iiilrogen  went  tmtwanls 
or  eipiaturially  in  cominnii  air  with  a  force  milHi  surpassing  the 
outward  ti-nileiic^y  cif  a  bubble  of  air  (270 1.),  in  a  rcrir'  striking 
and  illustrative  wanner.    It  was  often  drivcu  up  from  the  end 
to  the  side  of  the  tube  ;  and  when  on  the  side,  if  prewentrd  iu- 
wardR,  it  was  driven  to  the  outside  of  the  tube,  and  howerer  the 
tube  wax  turned  round,  kept  thai  position  aa  long  as  the  magnetic 
forcr  was  niniiitainrd.     This  cflVxt  is  mom  ntriking   ivhco  it 
is  ainsidcrrd  thnt  fwiir-rtflhs  of  the  air  itaclf  in  nitrogen  go-i. 

27G6.  Oxygen  in  air. — The  cfToct  was  very  impressive,  tlic 
bubble  bciuf;  pulled  inv/nrd-t  or  tuwanis  the  a\ial  line  sharply  and 
suddenly,  exaetly  as  if  the  oxygeu  were  highly  inagnetie.  The 
result  was  expected,  being  in  aceordance  witb  the  pbicnomeua 
preseutc'd  by  oxygen  and  nitrogen  in  a  former  iuventigation  of 
tW  diiiiuagiietic  pb»!iionieua  of  the  (gases'. 

2707.  Nitnntt  oxide  and  otefinnt  gases  m  air. — ^TIk!  hubbies 
iireiit  ontwardrt  or  diamiij;nctically  with  a  forrr  nmcii  gniiter 
than  timt  duL-  to  the  cflcct  of  the  water  of  the  bubble,  proviug 
the  relation  of  these  gases  to  air,  and  according  with  the  result* 
formerly  obtainwl  witb  streams  of  tbcw  Blll)st.^nccs*, 

2708.  Ilierc  in  no  dilllculty  in  applying  this  metliod  of  ob* 
serration  to  ex{K!rimcut9  with  gitscs  in  atmospheres  of  other 
gnAns  tbiui  air,  provided  they  hi;  siicb  as  do  not  destroy  the 
bubble!  '"it  I  ('<'  n'*^  coiiauine  time  by  detailing  the  n-aultt  of 
snob  cxpcrimeutd,  whivb  accorded  ]i«rfcctly  with  tliosc  before 
obtained'.  Tlic  deiicriptiou  given  is  quite  suffieieut  to  illustrate 
the  point  stated,  rianielv,  that  the  motion  of  the  gases,  one  in 

■  }'hil(M>p>iiciil  Uagaiiu^  VM',  vol.  sxvi.  pp.  410,  il-5, 
>  Ibi^p.  411.  '  lbiJ.fp.4U,  41.7 
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another,  vhen  in  tlic  magnetic  field,  ts  a  diffcrcutiul  resull,  imil 
sup^lv  sufficient  cases  for  rrf'rroiuT  liereaftcr, 

'^709.  Tlic  »ainc  ci>iiL-luaiiiu,  iLut  tbc  t-U'ect  la  a  iliUci-cutial 
re&ult  of  the  iiiai>»cs  of  tuAltci-  prtscut  111  the  maguctic  Geld,  is 
also  manitiest  from  tlir  cousi'lL' ration  of  llii"  eases  of  gaseous, 
liquiJ,  and  soli^  <]in.iiiagiirti[r  liudicK,  adviuiccd  in  a  furuicr  pui't 
of  these  Itcsearchvs  (2-105-14.)  ;  aitil  a  cuncltutiou  of  the  imme 
kind,  as  rcgnrds  niagiu-tir  liixlies,  niitj-  al.ta  he  drawn  from  es- 
perimci]t9  then  dcaL-ribcd  (2i'iGI-(j8.)' 


1  iii.  Maffnclir  chnrariert  of  Oj-ygien,  Nitrogen,  and  Space. 

2770.  The  difforciitittl  action  of  two  portions  of  gus,  or  of  any 
two  bodies,  ]na,v,  l>_v  a  more  elaliorate  metliotl,  he  examineil  iua 
mnuBcr  far  more  intcrcRting  and  iniporlAnt  tliau  tliat  just  do- 
Rcribfoi.  The  mode  of  airtion  referred  to  mny  even  be  nindc  the 
hosis  of  instruments,  by  wliieli,  proliably,  most  important  indi- 

,tioiiB  am)  measurement  A  of  both  magnetic  and  dininEigactic 
ions  may  he  obtained^  leading  to  results  wLich  are  not  even 
as  yet  coiiteni]ilateil  by  the  iinaginntioii. 

2771.  If  two  jiurtioiis  i>f  matter,  gaseous  or  liquid,  are  tied  to- 
gether uud  placed  in  n  symmetric  magnetic  field,  on  opposite  »Ides 
of  tlic  mafpietie  axis,  they  will  l>c  »iiuuUiincou»ly  affected.  If  both 
nre  diamaguetie,  or  less  uingiirtie  than  the  mcditun  oceupyiiiK 
the  niagnetie  Held,  both  will  tend  to  go  outwards  or  cqimtoriuUv  ^ 
equally  if  (hey  ore  alike,  hut  unequally  if  tb<ry  differ.  The  con. 
sequence  will  be,  that,  if  they  arc  phiecd,  in  the  fintt  instance, 
cijuidiiitaut  from  the  magnetic  a\\»,  the  supervention  of  the  mag- 
netic furcf  will  not  niter  their  puHiliuti,  provided  they  be  ajikc  ; 
but  if  tbey  differ,  iheu  their  position  will  be  chtingcd  ;  for  the 
most  diumagtietic  will  move  outwards  ennatorially,  pulling  the 
least  diamagnetic  iuwanhi  uutU  the  two  arc  in  such  new  positions 
that  the  forces  acting  ou  them  aiv  equipoisivl.  and  thry  will 
assume  a    position  of  !«tablc  cquilibrum.     Now    the  dLitancc 

R  through  which  they  will  move  may  be  used  indirectly,  or  better 

I  still,  the  foi\-e  required  to  n'<<t<3re  them  to  their  equidistant  po- 

■  Hitiun  may  be  employed  directly  to  estimate  the  tendency  each 

I  had  to  go  from  the  muguetic  axis ;  that  is,  to  give  thcirrehitive 

I  diomagtii-tic  intensities. 
^^^  3772.  That  i  niighl  submit  ga»es  to  such  a  method  of  cxami- 


Paramagnetic  character  pfoxngen.       [Seoies 

uatiou,  I  selcctccl  apiece  of  very  thiu  and  rogular  Buit-glasstulie, 
about  i^gtlisofun  iucU  external  cliaineter,aii(l  not  more  than  ^lli 
of  an  inch  in  thicknesR,  and  drawing  at  the  bluw-]iipc  lurop  tvo 
t>qual)le  purtions  of  this  tube  into  ttic  shape  and  size  rL-pmu-'nted, 
fig.  7,  ill  which  the  barrel  purt  is  I|  inch  loug,  I  filled  one  willi 

Fij[.  7. 


oxygen  gas  and  the  other  with  cUrogcn  gas,  and  then  scaled 
them  up  bepmettoully.  The  end  of  the  ppoloiiged  part  of  each 
VM  tonchcilvhiUt  warm  with  sealing-wax  and  a  thread  fastened 
to  it,  which  thread  was  tied  into  a  loop,  also  represented  of  full 
size.  By  thcac  the  tubes  were  to  be  suspended  perpendiciUarly 
from  a  torsion  balance,  no  that  the  middle  of  eadi  ahould,  wbeo. 
in  place,  be  on  a  level  with  the  magnetic  axis. 

2773.  The  torsion  balance  eotisisted  of  a  bundle  of  sixty 
equally-slrctehcd  cocoon  silk  fibi-es,  made  fast  above  to  a  vertical 
axis  carrying  a  horizontal  index  aud  graduated  plate,  and  below  to 
n  horizontal  lever.  A  cross  bar,  about  1 J  inch  long,  was  attached 
to  one  end  of  this  lever,  also  in  the  horixontal  plane ;  and  oa 
the  extremities  of  this  cross  bar,  and  8J  iuchcs  from  the  centre 
of  motion,  were  hiuig  the  two  tubes  of  oxygen  and  nitrogen 
(2772,),  counterbalanced  by  a  weight  on  the  other  arm  of  the 
horiicoutal  lerel.  The  whole  was  thus  so  placed  aud  adjusted  in 
relation  to  the  electro -magnet,  furnislied  at  the  time  with  the 
double  coiic  core  or  keeper  (27(Jt.),  that  the  middle  part  of  each 
tube  was  level  with  the  middle  of  the  core,  and  equidistant  on 
each  side  from  it.  I'lidcr  these  cireiirastanccs,  if  any  motion 
was  given  to  the  balauec,  so  as  to  make  its  arm  vibrate,  the 
vibrations  were  mmle  with  great  slowness,  iu  eonseqnence  of  the 
weight  of  the  whole  moving  arrnugemeut,  aud  the  small  amomit 
of  torsion  force  in  the  cocoon  silk. 

2771.  The  moment  the  magnetic  force  was  tlirown  into  action 
all  things  changed.  The  oxygen  tube  was  immediately  carried 
inwards  towards  the  axis,  and  the  nitrogen  tube  driven  outwards 
ou  the  contrary  side.  'Ilie  balance  swung  beyoud  itd  new  ]]lace 
of  rest  and  then  retumod  with  considerable  power,  vibrating  < 
niauy  times  in  the  period,  which  before  was  filled  by  a  single 
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oscillatioD ;  uid  wlicu  it  had  come  to  itx  place  oB  rettj  or  of 
stable  equilibrium,  the  oxi,'gen  tube  waa  about  onc*cighth  of  an 
iucb  from  the  iron  of  the  core,  and  the  nitrogen  tube  four-elghllis 
(li^tflut.  Ten  rcTolutions  of  the  torsiuu  uxin  altered  oiilr  iu  a 
slight  degree  thc»e  rcIatiTc  diatancca. 

2775.  The  actions  which  dctcnDinethc  mutual  self  •adjustment 
of  the  oxygen  a»d  nitrogen,  as  regards  their  place  In  rclution  to 
the  magnetic  axis,  arc  very  simple  and  evident.  In  the  first 
place,  the  glass  of  the  tubcn  is  raore  diamagnctic  than  the  sur- 
rounding medium  or  air  (2434.),  and  therefore  each  tends  to 
move  outwards  ;  but  being  equal  in  nature  and  condition  to  each 
otlier,  they  tend  to  more  with  equal  forcewhen  atequal  distaueea, 
and  at  those  distances  compensate  each  other.  If  one  be  driven 
inwards,  it  is  suhjceted  to  a  grnxter  exertion  of  force  by  coming 
into  a  more  iiitcuac  port  of  the  uiaj^iietie  field ;  and  the  other, 
being  at  the  same  time  carried  outvrards,  is  for  a  con'oaponding 
reason  in  n  place  of  leRs  intense  action;  aud  therefore,  as  soon  as 
the  constraint  n  removed,  the  system  returns  to  its  [KwitJon  of 
stable  equilibrium,  in  which  the  two  bodies  are  equidistant  from 
the  magnetic  axis, 

377(>.  The  content*  also  of  the  tubes  ore  subject  to  the  mag* 
Dctic  forces,  and  oa  the  rcaalt  shoit-s  (2774.),  in  VC17  different 
degrees.  Either  the  oxygen  tends  inwards  much  more  forcibly 
than  the  nitrogen,  or  the  nitrogen  tends  outwards  more  power- 
fully  than  the  oxygen;  and  the  diiference  must  exist  to  a  very 
Krent  degree,  for  it  is  such  as  to  carry  the  glass  of  the  oxygen 
tulte  up  to  n  position  so  near  the  a.\iii  that  it  cuuld  not  hy  itself, 
or  with  mere  air  inside,  retain  it  for  a  moment  without  tlie 
aid  uf  conHidprnble  i-estraint.  The  power  with  which  thi;  tubes 
only  would  retain  their  equidistant  position,  combined  witli  the 
extent  to  which  they  arc  displaced  from  this  position,  shons 
the  great  amount  of  force  whieh  this  conjoint  uetiou  of  the 
oxygen  and  the  nitrogen  leaver  free  to  be  exerted  in  the  one  di- 
rection, namely,  from  the  oxygen  inwards  or  axially,  for  though 
the  action  !»  eoiuplieated  the  result  is  simple.  By  former  ex- 
periments,  the  nitrogen  is  known  to  pass  equatorially  and  the 
oxygen  axially  iu  air',  and  the  nitrogen  tube  will  pass  equatori- 
ally aceordlug  to  a  certain  differential  force,  depending  on  the 
flint  ghtSH  and  the  nitrogen  ou  the  one  band,  and  the  bulk  of  air 
■Philowpliic&l  9i[ftgasin«^  1847,  vul.  xxii.  p.  400. 
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diitplacpd  )>y  them  ou  the  otWr.  Tlie  oxygen  tube  in  like  man- 
ner will  tend  to  pass  axially  Iiy  a  dinVrrcntial  force,  the  amouDt 
«rwiiii-'h  will  depend  Upon  the  teudtupy  of  tlir  oiyj-en  to  ffo 
axially,  iiF  ibi  tube  to  go  eqaatorially,  and  of  their  joint  relation 
to  the  oir  they  displace.  But  both  tlie  tubes  and  their  coutcutu 
arc  by  tbeir  joint  relation  to  the  air  and  their  mechanical  cuii- 
iicxiou  9o  related  to  each  other,  that  vrhvu  a  t'oroe  (lut  of  toraiou) 
18  employed  tu  restore  tlieni  to  their  equidistant  jKwitiou  from 
the  magnetic  axis,  nil  conmdcratioii  of  the  matter  of  the  tubes 
and  oC  the  air  as  a  eurroundiiig  medium  may  be  dismisucd.  The 
gases  within  thcra  may  be  considered  aa  in  immediate  relation 
with  each  other  and  tlic  msf^nctic  axis,  and  disembarrassed  from 
all  other  aetious  :  and  tlie  force  which  may  he  found  needful  to 
plnce  them  equidiittani,  is  the  mcafture  of  their  magnetic  or  dia- 
magnetic  differences. 

:2777.  Having  tbus  c:i|)liuucd  the  gciici-ikl  principles  of  arlion, 
I  mil  not  at  prenent  go  into  their  application  in  thceouBtmction 
of  a  measuring  jiistniment  or  the  results  obtuiued  with  it,  further 
than  ia  required  for  the  general  elucidation  of  magnetic  and 
draraagnotic  bodic-1,  and  the  dctcrminatitin  of  the  true  sero-point 
(2721.  2722.), 

2778,  The  priiiciplca  juet  dcftcrihcd  enabled  me  to  return  ton 
method  of  investigation  which  ou  n  former  occasion  grcatlv  ex. 
cited  my  hoi»es  (2W3.),  but  which  seemed  then  suddenly  cut  oflf 
by  want  of  power.     Various  bodies,  whetlier  oouBidered  as  mag- 
nfitic  or  diamnguctic  aubstances,  admit  of  two  modes  of  treat- 
ment, which  })romi9c  to  be  exceedingly  iiistritetivc  u.t  regards 
their  properties  and  their  destined  pur(>08ea  in  natural  opera- 
tion.    A  gna  may  be  heated  or  cooled,  and  the  effect  of  trmpe- 
raturc,  which  is  known  to  be  very  influential',  may  now  Ijc 
aaoortuiued  without  any  change  in  the  bnik  of  the  gaRj  or  it 
may  be  rarefied  mid  condra/trii  throngli  a  very  cxteuHivi-  raugp, 
and  the  effect  of  thin  kind  of  change  u]H»n  it  n."^eertBiucd  indc- 
pendent  of  temiwraturc  or  the  presence  of  ony  other  KulMstauce. 
Solids  and  liquids  do  not  admit  of  thcRc  mcthiKl*  of  examination, 
and  do  not  therefore  assist  in   the  dctfrmination  of  the  zcro- 
]X)iut  and  of  the  ti'uc  iliatinction  of  magnetic  and  dtama^rnetic 
lK>dir4  in  the  same  manner  (hat  the  gaites  do. 

2770.  It  appean-d  to  me  that  if  a  gaaeoua  body  were  imur- 
<  rUloM>|>Uivftl  Mngaeiue,  1947.  rol.  xut.  p|>.  400^  417. 
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twtic,  then  itJt  magoctJc  propcrttea  ought  to  be  dimuushed  in 
proportiou  as  it  was  rarefied,  i.  e.  that  equal  rolumes  of  tiuck  a 
gas  at  di9(.TCnt  preaaures  oua:lit  to  be  more  ma^elic,  ns  the; 
are  dcmcr  ;  ou  tlic  other  bujid,  tbat  if  u  gas  were  diamo^uctic-, 
rarefaction  ought  to  diminish  its  diamngnt^ir  rharnrter,  until, 
when  reduced  to  the  condition  of  a  T&rnum,  it  should  disappear. 
In  other  words,  if  two  opposed  purtious  of  die  sanii:  magnetic 
gas,  one  rarer  than  the  other,  were  nubjcctcd  at  oucc  to  the 
magnetic  force,  the  denstrr  ought  tu  upproach  the  axinl  hue,  or 
be  drawn  into  the  place  of  most  intense  action ;  vbcreas  if  two 
similarlr  opiK)itetl  portions  of  a  dJamnf^elic  gas  were  subjected 
to  the  magnetic  actiou,  the  more  expanded  or  rarer  gujt  ought  to 
go  iuwarda  to  the  place  of  strongest  action. 

2780.  Several  bulbs  of  oxygen  (fig.  8),simihirin  ng.  8l 
arrangement  to  those  already  described  (2772.)>  &nd 
very  nearly  alike  in  size,  were  prepared  and  hermeti- 
cally sealed,  nftor  tliut  the  i^uantity  uf  gas  within 
tbeiu  had  been  reduced  to  a  certain  degree  by  the 
air-pump.  The  first  contained  the  gas  at  the  press- 
ure of  one  atmosphere  ;  the  second  had  the  gas  at 
half  an  ntraoephcre,  or  1 5  inches  of  mercury  ;  the 
third  contained  gaa  at  the  pressure  of  10  inches  of 
mercury  ;  aud  the  fourth,  after  being  filled  with  oxy- 
gen, was  reduced  to  as  good  a  vaeuuin  a:^  an  excel- 
lent air-pump  could  eficct.  liNlien  the  first  of  these 
was  comparat  with  the  other  three,  the  effect  was 
most  striking :  opposed  to  the  half  atmosphere,  it 
vent  towards  t1\c  axis,  driviiigthc  expanded  portion 
away  ;  when  in  rektiou  to  the  uuL>-third  atinoHpliLTP, 
it  went  inwards  or  axially  with  still  more  power;  and 

wlien  opposol  to  the  oxygen  racuum,  it  took  its  place  an  close 
to  the  iron  core  as  in  the  former  ciise,  when  mntrxiled  with 
nitrogen  (2774.) ;  aud  it  was  manifc*t  that  the  tliamagnrtir  jwwer 
of  the  gtacA  tube  which  inclo«ed  it  (2775.},  was  the  only  thing 
which  prercnted  the  oxygen  from  pressing  against  the  iron  core 
occupying  the  ccntrr  of  the  raagnelie  field. 

2781.  On  experimenting  with  the  other  tul)ca  exactly  the 
same  result  was  obtaiuwi.  'ITms  the  tube  with  oue-tbirtl  of  an 
atmosphere,  in  association  with  the  vacuum  tube,  went  iuwanl«» 
driving  the  other  outwards,  i.  e.  it  was  more  magnetic  than  the 


193 


Magnetic  character  of  oxygen  gas.      [Sbbies  XXV. 


vacuum ;  liut  in  aasociatioa  with  tLc  onc-liaU'  atmosptiere  tube 
it  went  outwards,  wbiUt  tlic  denser  goa  passed  inwards.  Any 
one  of  the  tubes,  if  assoctatcd  with  another haviug  a  rarer  atmo- 
sphere, pussed  mwaidsor  inagnctic&lly,  whilst  if  associated  with 
others  having  denser  atmoephcrcs  it  paased  outwards,  being 
driven  off  by  the  superior  magnetic  forceof  the  denser  gas.  As 
far  aa  I  (wuld  ascertain  in  these  prelimiuary  forms  of  experiment, 
the  tendency  inwards  or  axially  appeared  to  be  in  proportion  to 
the  density  tif  the  gas;  but  the  exact  mcaanremcnt  of  these 
forces  will  be  given  hereafter. 

27S2.  Thus  oxygen  appears  to  be  a  very  magnetic  anbitance, 
for  it  passes  axially,  or  from  weaker  to  stronger  places  of  foree, 
with  considerable  power;  n  conelusion  in  accordance  with  the 
result  of  former  observations'.  Moreover  it  passes  more  power- 
fully when  dense  than  when  rare,  its  tendency  inwards  being 
apparently  in  proportion  to  its  density.  Ilcncc,  as  tbc  oxygen 
is  ronaovcd,  tbe  magnetic  force  disappenrs  with  it,  until  when  a 
\*acuum  ia  obtained,  little  or  no  trace  of  attmctiou  or  inward 
force  remains.  No  doubt  it  may  be  said  that  dense  oxygen  is 
less  diamagnetic  than  rare  oxygen,  or  a  vacuum.  This  however 
would  imply,  that  tbe  acting  force  of  a  substance,  aa  the  oxygen, 
could  increase  in  proportion  us  tbo  quantity  of  the  substance 
diminished,  which  is  not,  I  think,  a  pliilosophical  assumption  ; 
and  bexidcB  that,  other  reasons  will  soon  appear  to  show  that 
the  magnetic  condition  which  disappear!  as  tbe  oxygen  is  re- 
moved, belongs  to,  and  is  dependent  upon  that  substance,  and 
tliat  oxygen  is  therefore  a  truly  magnetic  body. 

2783.  Nilroffen,  being  the  other  and  larger  part  of  the  atmo- 
ephere,  was  tbcn  Kubjected  to  experiment,  and  three  tubes,  one 
containing  the  gas  at  a  pressure  of  30  inches  of  mercury,  another 
with  the  gaa  at  the  pressure  of  la  inches,  and  the  third  reduced 
as  nearly  as  it  could  beta  a  va<ruum,  were  pnrpttrcd  (2780.). 
"When  these  were  compared  one  with  another  in  the  magnetic 
field,  they  were  found  to  be  so  nearly  alike  a*  not  to  be  diatia- 
guinhable  from  each  other,  i.  e.  they  remained  eqiiidiatant  from 
the  magnetic  axis.  T  do  nut  mean  to  imply  that  nitrogen  at 
tlieitc  ditfcrent  pressurca  is  absolutely  the  same  bulk  for  bulk 
(bu  iii5tnimi;nt  now  under  construction  will  t-uublc  me  hen-after 
to  compare  uud  measure  with  infinitely  greater  accuracy,  and  to 
'  rbilofophical  MAgiksiac,  L847,  vol.  xsxi.  pp.  410, 41-^ 
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aacertaiu  tliesc  points) ;  but  u  comparcc]  with  oxygen,  tbc  grcot 
and  exCraordioary  differences  produced  by  rarefaction  there,  have 
no  correspouding  differences  here.  If  there  arc  any,  they  are 
iascDflible  at  pre.'^cnt,  and  may  for  the  chief  {jurpfisc  ot  this 
paper  and  the  detenuLuation  of  the  zero-point  between  mag* 
nctica  and  diamaf^cticg,  be  taken  as  nothing. 

2784.  Nitrogen  therefore  appears  to  be  neither  magnetic  nor 
diamagiietie  ;  if  it  were  eitlier^it  could  not  but  fall  iu  itsBpecific 
condition  aa  it  was  rarefied ;  aa  it  is,  it  is  cqairalent  to  a  racuum. 
If  a  given  apace  be  coneidcrcd  as  a  racuum,  into  which  oiiygeu 
or  nitrogen  ii  to  be  gradually  introduced,  as  oxygon  is  added 
the  Bpace  bccomea  more  and  more  magnetic,  i.  e.  more  eompe- 
tent  to  admit  of  tlie  kind  of  action  distinguished  by  that  word  ; 
but  the  corresponding  gradual  addiliou  of  nitrogen  to  an  empty 
space  produces  no  effect  of  that  kind,  or  the  contrary,  and  the 
nitrogen  is  therefore  neither  magnetic  nordiamagnctic,  but  like 
space  itself. 

2785.  As  yet  I  have  found  uo  gas,  which,  being  ou  the  dia- 
magnetic  aide  of  zero,  can  at  all  compare  with  oxygeu  in  the 
range  of  effect  produced  by  rarefaction.  For  the  present,  I  may 
mention  oleflunt  gaa  aud  cyanogen  as  substances  vfhich  appear 
to  proceed  inwards,  or  towards  the  axial  lino,  as  they  are  more 
rarefied.  They  are  therefore  not  merely  st  zero,  but  are  in 
opposition  to  oxygen  and  are  diamagnetic  bodies.  But  if  wc 
want  a  body  that  is  strongly  and  undeniably  diamagneticj  and 
wbicb,  being  added  to  or  introduced  tuto  space,  will  make  it 
diamagnetic,  as  oxygen  renders  it  magnetic,  then  Bint  glass  or 
phosphorus  present  na  with  such  a  substance.  When  theae 
bodies  are  made  into  Conns  similar  to  the  volumes  of  uitrogcu, 
or  the  vacua  in  size  and  shape,  and  are  compared  with  them  on 
the  torsion  balance,  they  puss  outwards  with  much  foroe  ;  and  it 
is  probably  the  great  diamagnctie  force  of  the  gkas  ot  the  tubes 
that  prerenis  the  effect  of  rarefaction  from  being  more  evident 
in  olefiant  and  other  gases. 

2780.  When  a  tube  has  been  filled  with  a  particular  gas,  then 
exhausted  as  much  as  possible,  and  sealed  up  hermetically,  it 
may  he  considered  as  inclosing  what  is  commonly  called  a  va* 
cunm.  I  have  prepared  msny  such  vacua,  aitd  may  be  per- 
mitted to  distinguish  them  by  the  name  of  the  gaR,  traces  of 
which  still  remaiu.    In  comparing  these  vacua  in  the  magnedc 
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fidd  [37730>  ^l^cy  appeared  to  mc  to  be  in  »X\  Tcspocts  alike  ; 
the  oxygen  racaiim  was  not  more  magnetic  tlian  the  hydrogen, 
nitrogen,  or  olcfiant  vacmim.  Their  differences,  if  any,  were  far 
smaller  than  the  differences  which  could  lie  prodnced  by  the 
variations  of  aizc  and  other  conditions  of  the  glass  bulljs,  and 
can  only  be  made  manifest  hy  the  mcanx  hereafter  to  be  used 
{S783.) ;  and  I  am  fully  persuaded  that  tliey  vrill  ultimately  be 
nearly  alike,  ranging  clow  up  lo  and  about  a  perfecf  vacuum. 

2787.  Before  determining  the  place  of  lero  amongst  magnetic 
and  diamagnctic  buclicx,  we  hare  to  consider  the  true  character 
Btid  rrktion  of  space  free  from  u.iiy  material  substance.  Though 
one  cannot  procure  a  apace  perfectly  free  from  matter,  one  can 
make  a  close  approximation  to  it  in  a  carefully  prepared  Torri< 
cpllian  vacuum.  PerhapB  it  is  hardly  necessary  for  mc  to  stale, 
that  1  Hud  both  iron  and  bismuth  in  such  vacua  perfectly 
obedient  to  the  magnet.  From  such  experiments,  and  also  from 
general  obHrrvatinns  and  knowledge,  it  seems  manifest  that  the 
lines  of  niaguetio  force  (2149.J  can  traverM  pure  spficc,  just  as 
gravitating  force  docs,  and  as  static  electrical  foreesdo  (1G16.) ; 
and  therefore  space  lias  a  magnetic  rel  atioa  of  its  own,  and  one 
that  we  ehall  probably  find  hereafter  to  he  of  the  utmost  import- 
ance in  natural  phtenomena.  Bat  this  character  of  space  ia 
not  of  the  same  klud  oa  that  which,  in  relation  to  matter,  wc 
endeavour  to  express  by  tlie  terms  magnetic  and  diarangnctic. 
To  confuse  them  together  would  be  to  confound  space  with 
xoatter,  and  to  trouble  all  the  couecptions  by  which  we  endea- 
vour to  understand  and  work  out  u  progressively  clearer  view  of 
ihe  mode  of  action  and  the  laws  of  natural  forces.  It  would  be  us 
if,  in  gravitation  or  electric  forces  {1G13.),  one  were  to  confound 
the  particles  acting  ou  eaeli  other  with  the  space  across  which 
tliey  are  acting,  and  would,  I  think,  shut  the  dc*»r  to  advance- 
ment. Merc  space  cannot  act  as  matter  acts,  even  though  the 
utmost  latitude  be  allowed  to  the  hypothesis  of  an  ether;  and 
admitting  that  hypothesis,  it  would  he  a  large  additional  assump- 
tion to  euppoae  that  the  lines  of  magnetic  force  are  vibrations 
carried  on  by  it  (2591.) ;  whilst  as  yet,  we  have  no  proof  or  in- 
dication that  time  is  required  for  their  propagation,  or  in  what 
respect  they  may  iu  geuernl  character  assimilate  to,  or  differ 
from,  the  respective  lines  of  gravitatiugj  lumiuifcrouB,  or  electric 
forces, 
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S788.  Xeitli«r  c«a  tpace  be  snppoecd  to  Iutc  thoso  circular 
eonents  roimil  poiuts  diffused  through  it,  which  Ampere's  theory 
aasanaeg  toexist  around  the  particles  of  ordinun-  majiiictic  matter^ 
and  which  I  had  for  a  momeDt  sapposed  mi^'ht  exist  in  the  cod< 
trary  direction  round  the  particles  of  dtamaguetic  matter  (2429. 
S!610.  &c.) .  The  imAgiuation,  restrained  by  philosophical  cou- 
sidcrations,  f&ils  to  (iud  tiny  thing  in  purcspoce  ahout  n'hieh  the 
currents  cotdd  circulate,  or  to  which  they  oonld  by  any  wsoda- 
tion  be  attached ;  and  the  difficulty,  if  already  not  immeasurable^ 
would  be  still  greater  to  those,  if  there  be  any,  who,  assuming 
that  magnetic  and  diomaguetic  bodiea  are  alike  iu  nature,  must 
assume  that  there  are  like  currents  in  hoth  ;  for  it  does  not  seem 
possible  tit  add  (for  in&tauee)  phosphorus  having  such  amagnetio 
coBstituliou,  to  space  supposed  to  be  of  a  similar  cunatitution, 
and  yet  to  have  as  a  result  a  diminution  of  the  magnetic  powers 
of  the  space  ao  occupied. 

2789.  Aa  space  therefore  comports  it»clf  independently  of 
matter,  and  after  another  manner,  the  different  varieties  of  mat- 
ter must,  iu  relation  to  their  respective  qualities,  he  considered 
amongst  themselves.  Those  which  produce  no  effect  when  added 
to  space,  appear  to  me  to  be  neutral  or  to  stand  nt  zero.  Those 
which  bring  with  them  au  effect  of  one  kind  will  be  on  the  one 
side  of  zero,  and  those  which  produce  an  effect  of  the  contrary 
kind  will  be  on  the  other  side  of  zero ;  hy  this  dirUion  they  eonstj- 
tute  the  two  subdirisions  of  magnetic  and  diamagnetic  bodiea. 
The  law  which  I  formerly  veutiirtd  to  giic  (2267.  2  H8.),  still 
expresses  accurately  their  relutious  ;  fur  in  au  absulute  nieuum 
or  fipoc  space,  a  magnetic  body  tends  from  weaker  to  stronger 

.  places  of  magnetic  action,  and  a  diamagnetic  body  under  similar 
OOaditiona  firom  stronger  to  weaker  places  of  nctiou. 

2790.  Now  that  the  true  Z€to  is  obtained,  aiui  the  greit 
variety  of  material  substances  satiafuctorily  dirided  into  twc 
general  classes,  it  appears  to  me  that  we  want  another  name  for 
the  magnetic  chus^  that  we  may  aroid  confusion.  The  word 
nagnetU  ought  to  be  general,  and  include  uU  the  pbienomena 
and  effects  produced  by  the  power.  But  then  a  word  for  the 
BubdivisioR,  opposed  to  the  diamagnetic  class,  is  necessary.  Aa 
the  language  of  this  briuicli  of  Hcicuce  may  noon  require  {reueral 
and  caa-ful  chunges,  I,  assisted  by  a  kind  friend,  hare  thought 
that  a  word  not  selected  with  particular  care  might  be  prori- 
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s)on(tU;f  useful ;  tuid  as  the  magnetism  of  iron,  nicVel  and  coluilt, 
when  in  the  mag'nctic  field,  is  like  that  of  the  earth  as  a  whole, 
BO  that  nheu  rendered  active  they  place  thcmsclvoi  parallel  to 
its  axes  or  lines  of  magnetic  force,  I  have  aupijoscd  that  they 
and  their  aimilurs  (iucludiiig  oxygen  now)  might  be  called  para- 
mngnetic  bodies,  giving  the  foUowing  diriaion  : — 

f  Paramaenotie. 
Magnetic  [jji^^^g^etie. 
If  the  attempt  to  facilitate  expression  be  not  accepted,  I  hope 
it  will  be  excused. 


3791-  Prom  tlic  prcflcuce  of  oxygen  in  the  air,  the  latter  ia, 
ajt  a  whole,  a  magnetic  mediom  of  no  smalt  potrer.  Hence  all 
the  comparative  experiments  on  the  diamaguctic  condition  of 
other  gttscs,  made  by  passing  strcnmi  of  them  through  it  and 
through  each  other' ,  require  a  correction,  which  occasionally 
may  place  some  of  the»c  bodies  on  the  paramagnetic  side  of 
aero.  Even  solid  and  fluid  suhiitanecs  maybe  thus  afEected; 
and  the  preliminary  liat,  which  1  formerly  gave  (2424.),  will 
need  alteration  in  this  re»pi;ct.  I  hope  soon  however  to  have 
the  means  of  ascertaining,  not  only  the  place  of  bodies,  but  also 
their  relative  degrees  of  force,  at  the  same  and  at  different  tem- 
peratures, with  a  degree  of  accuracy  that  wilt  serve  great  pur> 
poses  in  the  further  development  of  this  branch  of  science. 

279y.  .\niongBt  the  gaaes  hitherto  examined  thtrc  ia  nothing 
that  compares  with  oxygen.  The  following  arc  comparatively 
indifferent  by  the  side  of  it  : — chloriiio  and  bromine  vaponr, 
cyanogen,  nitrogen,  hydrogen,  earhouic  acid,  carbonic  oxide, 
oleBant  gas,  nttrouH  oxide,  nitric  oxide,  nitrous  acid  vapour,muri- 
aticucid,  sulpharouD  and,  hydriodicacid,  ammonia,  sulphuretted 
hydrngcn,  coal-gas,  lethcr  vapourand  sniphurct  of  carbon  vapour; 
for  though  some,  as  oletieut  and  cyanogen  gases,  appear  to  be  a 
little  diomagnctic,  and  others,  aa  nitrous  oxide  and  uitrte  oxide, 
are  magnetic,  yet  their  effects  disappear  in  comparison  vitb  the 
results  produced  by  oxygen. 

2793.  I  hope  to  give  the  correct  expression  of  the  paramag- 
netic force  of  oxygen  (;i733.)  hereafter,  in  the  meantime  I  am 
tempted  to  give  one  or  two  rough  illustrations  of  its  degree  in 

'  PhUoiopliical  Msgaiiue,  1847,  vol,  xixi,  pp.  407, 420,  ftc. 
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thisplnoe,  m  addition  to  tbe  former  one  (SrM.).  The  cupAcity 
of  the  oxygen  bulb,  containing  one  attnosplierc,  is  not  <iuitc  O'Jji 
of  a  cubic  inch,  and  the  weight  therefore  of  the  oxygen  witbia 
0-117  of  a  groin.  I  endeavoured  to  compare  this  quantity  in 
the  first  place  with  sofl  iron,  and  therefore  attaehcd  a  portion 
of  that  meial.  having  oiuvtontb  ofthii*  weight  or0012of  agraiUj 
to  a  fine  platiiia  vue  fixed  into  one  end  of  a  vcsacl,  corrc»poud> 
ing  in  size  to  that  coutaiuiag  the  oxygen,  aoa^  to  bring  the  iron 
into  the  middle,  and  then  the  bulh  itah  exhausted  and  hermeti- 
cally scaled.  Beiug  now  opposed  to  the  oxygen  tube  in  the 
magnetic  field,  it  was  found,  as  expected,  for  to  aurpasji  the 
oxygen  in  magnetic  power.  As  it  was  iucouvenleiit  further  to 
rcdacc  the  iron  or  to  enlarge  the  oxygen,  auoLber  maguctii:  sub* 
rtancc  was  employed  for  the  comparison. 

279i.  One  hundred  grains  of  clean,  good,  erystallizcd  prolo- 
nilphate  of  iron  were  dissolved  in  distilled  water,  and  diluted 
cmtil  a  glau  balb,  of  nearly  the  same  size  as  the  oxygen  bulb 
when  6)lcd  with  the  solution,  waa  equal  to  the  oxygen  bolb  in 
force,  and  stood  equidistant  from  the  axial  line,  aa  far  as  1  could 
jadge  by  the  present  modes  of  observation.  When  the  solution 
had  this  strength,  it  occupied  the  bulk  of  17^  cubie  inches.  As 
the  hulk  of  the  oxygen  is  only  0*34  of  a  cubic  inch  {2793.), 
that  volume  uf  thin  solution  would  contain  very  nearly  two  grains 
of  crystallized  sulphate  of  iron,  equivalent  to  04  of  a  grain  of 
metallic  iron  ;  so  that,  bulk  for  bulk,  oxygen  is  equally  magnetic 
with  a  solution  of  sulphate  of  iron  in  water  containing  oeveuteen 
times  the  weight  of  the  oxygen  in  crystallized  prolosulphate  of 
iron,  or  3  4  times  its  weight  of  metallic  iron  in  that  state  of 
combination. 

279.^.  .'^gain,  the  oxygen  tubes,  containing  respectively  ouc 
atmosphere  and  a  vacuum  (2780.],  were  adjusted  about  an  inch 
apart,  uud  placed  on  each  side  of  the  magnetic  axis,  and  the 
force  of  the  magnet  developed .  The  oxygcu  of  course  approached 
the  magnetic  aii.i,  and  the  vacuum  passed equatorially.  A  slen- 
der glBAs  filament,  about  6  inches  in  length,  had  been  dranu 
out  at  the  lump  und  fixed  to  a  foot ;  and  the  end  of  thia  filament 
waa  then  employed  to  press  back  the  oxygen  tube  into  its  ori- 
ginal place,  and  render  it  cqiudiatant  from  the  magnetic  axis 
with  the  Tacuiun  tube.  In  this  position  the  two  tubes  would, 
as  respects  the  glass,  neutraliie  each  other  (2773.)  ;  and  con- 
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flidcring  the  vacuum  as  zero,  the  oxyften  ilone  may  be  eonsidered 
as  active,  and  the  force  required  to  liold  it  out  may  be  looked 
upon  an  the  force  with  which  the  oxygen,  at  that  distance  of 
half  an  inch,  tended  to  go  to  the  magnetic  axis.  The  deflection 
of  the  glass  filament  or  spring,  at  the  place  where  the  oxygen 
tuhe  was  held  by  it,  was  rather  more  thau  one  ineh  from  it« 
position  when  relieved  from  the  pressure  of  the  tube.  Being 
taken  away,  it  was  Ret  tip  in  the  horixontnl  pnsitinn  (after  being 
tumetl  90°  on  its  axis,  so  that  the  flexure  might  \iv  in  the  same 
direction,  relative  to  the  filament,  as  before)  ;  and  the  position 
of  the  end  heiiig  marked,  weights  vierc  put  on  it  at  the  place  of 
former  contact  with  l!ie  oxygen  tuho,  imtil  they  proiluced  the 
same  amount  of  deflection  as  before.  It  required  rather  more 
than  the  tenth  of  a  grain  to  produce  (his  effect ;  and  this,  consi- 
dering that  the  whoir  oxygen  only  weighed  0117  of  a  grain, 
and  that  no  part  of  it  was  nearer  than  half  &u  inch,  whilst  the 
average  distance  of  the  mass  was  above  an  inch  from'the  mag- 
netic axis,  gives  a  high  expression  for  the  magnetic  power. 

2796.  It  is  hardly  necessary  for  me  to  say  here  that  this 
oxygen  cannot  exist  in  the  atmosphere,  exerting  auch  a  remark- 
able  and  high  amount  of  magnetic  force,  without  having  a  moat 
important  influence  on  the  dispoaition  of  the  magnetism  of  the 
earth  as  a  planet,  especially  if  it  bo  Tcmcmbcrcd  that  its  mag- 
netic condition  is  greatly  altered  by  variations  in  ita  density 
(3781.)  and  hy  vuiiatiuna  in  its  tcmprraturu '.  I  think  1  sec 
here  the  real  cause  of  many  of  the  variations  of  that  force,  which 
have  been,  and  arc  now,  so  carefully  watched  on  diflferent  parts 
of  the  surface  of  the  globe.  The  daily  variation  ajid  the  annual 
variation  both  seem  likely  to  come  under  it ;  also  very  many  of 
the  irregular  continual  variations  which  the  photograpliic  pro- 
cess of  record  renders  so  beautifully  manifest.  If  such  cxpocta- 
tious  be  eoufinucd,  and  the  influence  of  the  atmosphere  be 
foimd  able  to  produce  results  like  these,  then  wc  shall  probably 
find  a  new  relation  between  the  aurora  horcalis  and  the  mag- 
netism of  the  earth,  namely,  a  relatiou  established,  niorror  le-aa, 
through  the  air  itself  in  coauexiou  with  the  space  above  it ;  and 
even  magnetic  relations  and  variations  which  are  not  or  yet  sus- 
pected, may  besuggested  and  rendered  manifest  and  measureable, 
in  the  further  development  of  what  I  will  venture  to  call  Atmo- 
'  Fhiloeorhicsl  Maguiuo,  1647,  rol.  xzxi,  p.  417. 
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apheric  Magnetism  (2847.  &c.].  I  may  be  OTer-sanguine  in 
tbeae  expectation,  but  as  yet  I  am  sustained  in  them  by  the 
apparent  reality,  simplicity  and  sufficiency  of  the  cau3e  assumed, 
as  it  at  present  appears  to  my  mind.  As  soon  as  I  have  suffi- 
ciently submitted  these  views  to  a  close  consideration  and  the 
test  of  accordance  with  observation,  and  where  applicable  with 
experiments  also,  I  will  do  myself  the  honour  to  bring  them 
before  the  Eoyai  Society. 


Royal  Institution,  August  Z,  1850. 
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2797.  TuE  remarkaiile  results  given  in  n  farmer  series  of  tlicse 
Researches  (2757.  &c.)  respecting  the  powerful  tendency  of  cer- 
taiu  gaseous  substanccB  to  proceed  either  to  or  from  the  ccntrnl 
line  of  magnetic  force,  according  to  their    relation  to  other 
mihstances  present  at  the  same  time,  and  yet  the  nbflcnec  of 
nil  condensation  or  expansion  of  these  bodies  (2756.)  vhich 
might  be  suppoacd  to  bo  conseqncnt  on  such  an  amouat  of  at- 
tractive or  repulsive  force  as  would  be  thoiiglit  neeilful  to  pro- 
duce this  tendency  niid  determiiiatioa  to  particidar  places,  have, 
iipou  consideration,  led  me  to  the  idea,  that  if  bodies  possess 
different  degrees  of  conductittg  power  fur  magnetism,  that  dif- 
ference may  account  for  nil  the  phtenomeua ;  and,  further,  that 
if  8uch  an  idea  be  considered,  it  may  assist  in  developing  the 
nature  of  magnetic  force.     I  shiall  therefore  venture  to  think 
and  apeak  freely  on  this  matter  for  a  while,  for  the  ptirpose  of 
drawing  others  into  a  consideration  of  the  subject;  though  I 
Tiin  the  risk,  in  doing  ao,  of  folluig  into  error  through  imperfect 
exijerimeuts  and  reasoning.     As  yet,  however,  1  only  state  the 
case  bypothetieally,  and  use  the  phrase  conduclinff  poieer  as  a 
general  expression  of  the  capability  which  bodies  may  possess  of 
effecting  the  transmission  of  ningnetic  force;  implying  nothing 
na  to  bow  the  proccsB  of  conduction  ia  carried  on.     Thus  limited 
in  sense,  the  phrase  may  be  Tcry  useful,  euabliug  us  to  take,  for 

'  P!ii]o»ophieai  TranMCtious,  18B1,  p.  39. 

*  R«Ti»ed  by  tii*  tMthot  ab<I  returned  by  turn,  Norembw  12,  IMO. 
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a  time,  &  connected,  cousistcQt  and  gcuerftl  ticw  of  o  large  class 
cf  phKnomcaa ;  may  scrre  as  a  Btaodiird  of  nipimiiiit  amongst 
tliem,  and  yet  need  not  necessarily  involve  any  error,  inasmuch 
is  whatever  may  be  tlie  princljplcft  and  condition  of  couductton, 
the  pluenomcna  dependent  on  it  must  consist  among  them* 
bcItcs. 

3798.  If  a  medium  linving  a  certain  conducting  power  occupy 
ttic  magnetic  Qeldj  and  tlicn  a  portion  of  another  medium  or 
substance  be  placed  in  the  Held  baring  a  greater  conducting 
power,  the  latter  will  tend  to  draw  up  towards  the  place  of 
greatest  force,  displacing  the  former.  Such  at  least  is  the  case 
witb  bodies  that  arc  fircely  magnetic,  as  iron,  nickel,  cobalt  and 
their  combinations  (2357.  236.1.  236".  &c.),  and  nucha  result  is 
in  analogy  with  the  phienomena  produced  by  electric  induction. 
If  a  portion  of  still  higher  conducting  powei  be  brought  into 
play,  it  will  approach  the  axial  line  and  displace  that  which  had 
jtut  gone  there ;  so  that  a  body  having  a  certain  amount  of  oca- 
dneting  power,  will  appear  as  if  attracted  lu  a  medium  of  weaker 
power,  and  as  if  repelled  in  a  medium  of  stronger  power  by  this 
differential  kind  of  action  (2367.  2414.). 

2799.  ki  the  same  time  that  this  idea  of  conduotion  will  thus 
account  for  the  place  which  a  given  substance  would  take  up,  as 
of  oiygen  in  the  axial  line  if  in  nitrogen,  or  of  nitrogen  at  a 
distance  if  in  oxygen,  it  also  harmonires  with  the  fart,  that  there 
are  no  currents  induced  in  a  single  gas  occupying  the  magnetic 
field  (2754.),  for  any  one  particle  can  then  couduct  aa  well  as 
any  other,  and  therefore  will  keep  its  place ;  and  it  also  agrees, 
1  think,  with  the  unchangcability  of  volume  (3750.). 

2800.  In  reference  to  the  Intter  point,  we  have  to  consider 
that  the  force  which  urges  fluch  a  IxMiy  as  osygcn  towards  the 
middle  of  the  field,  is  not  a  ccDtrul  force  like  gravitation,  or  the 
mutual  attractiou  of  a  set  of  particles  for  each  other;  but  an 
axial  force,  whidi,  being  very  different  in  character  in  the  direc- 
tion of  the  axis  and  of  the  radii,  may,  and  must  produce  its  effect 
in  a  very  different  manner  to  a  purely  central  force.  That  these 
diScTCuces  exist,  is  manifest  by  the  action  of  trnnnparcnt  bodies, 
when  in  the  magnetic  field,  upon  a  ray  of  light;  and  aleo  by  the 
ordinary  action  of  magnetic  bodies  :  and  hence,  perhaps,  the 
reason,  that  when  oxygen  is  drawn  into  tlie  middle  of  the  field, 
in  consequence  of  its  conducting  power,  still  its  particles  are 
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not  compressed  together  (2721.)  l»y  a  fore*  tbtt  othenriw  wonW 
seem  equal  to  tliat  effect  (2766.)  - 

2801.  So  vrhen  two  separate  jiortionti  of  oxygen  or  nitrogen 
are  iii  the  imtgnetic  field,  tlie  one  pHsws  iowardB  nnd  the  other 
outwai'd5,  without  &uy  contraction  or  expausiun  of  tlicir  rtlatiTc 
volumes ;  and  the  rcBull  is  differentia!,  tlic  two  bodies  being  in 
relation  to  and  dependence  on  each  otlicr,  by  being  simtUtauc- 
onsly  related  to  tbe  tines  of  magnetic  force  which  pass  conjointly 
through  them  both,  or  throngb  them  and  the  medium  in  which 
they  arc  conjointly  immcr&cd. 

2803.  I  have  already  said,  in  ret'crcnec  to  Ihc  transference 
onwards  of  magnetic  force  (2787.),  that  pure  space  oi-  a  vacuum 
pcrniita  that  traiufcrcucc,  independent  of  any  function  that  can 
be  considered  as  of  the  »ame  nature  a&  tbe  conducting  power  of 
matter;  and  in  a  manner  more  analogous  to  that  in  wbich  the 
lines  of  gravitating  force,  or  of  static  electric  force,  pass  acnwa 
mere  space.  Then  as  rcBpect*  those  bodies  which,  like  oxygen, 
faeililatc  the  transmission  of  this  power  more  or  less,  thej'  class 
tngi'lhcr  as  magnetic  or  paramagnetic  substancc-s  (2700.) ;  and 
thiiee  bodiesj  which,  like  olcfiaut  gas  or  phosphorus,  give  more 
nr  less  obstruction,  may  be  arranged  together  as  the  diamaguetic 
class.  Perhaps  it  is  not  correct  to  oxpreKs  both  these  qualities 
by  tbe  term  conduction ;  but  in  the  present  state  of  the  subject^ 
and  uuder  the  reservation  already  made  (2797.),  the  phrase  may 
1  think  bo  employed  conveniently  without  introducing  con- 
fusion. 

2803.  If  such  be  a  correct  general  view  of  the  nature  and  dif- 
ferences of  paramagnetic  and  diamagnctic  substances,  then  the 
internal  processes  by  which  they  perform  their  fuuctioua  cau 
hanlly  be  the  same,  though  they  might  be  similar.  Tlius  they 
mag  have  circtilar  electric  currents  in  opposite  (iirections,  but 
their  distinction  can  scarcely  be  supposed  to  depend  upon  the 
difference  of  force  of  currents  in  the  game  direction.  If  the 
view  bo  correct  also,  though  the  results  obtained  when  two  bodies 
arc  simultaneously  present  in  the  magnetic  field  may  be  cousi- 
dcred  as  differential  (2770.  2768.)  ercn  though  one  of  tlicm  be 
the  general  mediom,  yet  the  consequence  of  the  presence  of 
conducting  power  in  matter  renders  a  single  body,  when  in 
space,  subject  to  the  magnetic  force;  and  the  result  is,  that 
when  a  jxramagnetic  sulxitance  is  iu  a  magnetic  field  of  unequal 
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force,  it  tends  to  iiroceed  from  weaker  to  stronger  plnces  of  w:- 
tioD,  or  U  ailracted;  and  when  a  Hiamiigoetic  body  is  similarly 
drcumstanced,  U  tends  to  go  from  stronger  to  weaker  places  of 
action  or  is  rcpelUd  (Z7f>fi.). 

28(H.  Matter,  when  its  powera  arc  under  consideration,  may, 
hs  to  its  quantity,  be  considered,  either  by  weight  or  hy  volume. 
In  the  present  case,  where  the  effects  produced  have  aii  imme- 
diate reference  to  mere  space  (2767.  2802.),  it  seems  proper  that 
the  volume  should  he  eonnidcrrd  aa  the  representation,  and  that 
in  comparing  one  subistiuicc  irith  another,  equal  volumes  should 
be  employed  to  give  correct  results.  No  other  method  could  be 
naed  with  the  differential  sptem  of  observation  (2772.  27S().)- 

2805.  Some  expt-'rimcutal  evidence,  other  than  that  of  change 
of  aituation,  of  the  exifltence  of  this  conducting  power,  by  dif- 
ferences in  which,  I  am  endeavouring  to  account  for  the  peculiar 
eharsetcristics  of  paramagnetic  and  diamagnetic  bodies,  may  well 
be  expected.  This  evidence  exists ;  but  as  certain  considerationB 
connected  with  polarity  preclude  me  from  calling  too  freely  upon 
iroQ,  cobalt,  or  nickel  (2832.)  Tor  illustrations,  and  as  in  other 
bodice  which  arc  parama^ctic,  as  well  an  in  those  that  arc  dia- 
magnetic, the  effects  arc  very  wcalt,  they  will  be  better  oomprc- 
heoded  after  some  further  general  eoasideration  of  the  subject] 
(2843.). 


280C.  I  will  now  eiideapour  to  consider  what  the  influence  is 
wbich  paramagnetic  and  diamaguctie  Indies,  viewed  as  conduc- 
tore  (2797.) ,  exert  upon  the  Hues  of  force  in  a  magnetic  Ecld, 
Any  portion  of  space  traversed  by  lines  of  magnetic  power,  may 
be  taken  aa  such  a  field,  and  there  is  probably  no  space  without 
them.     The  condition  of  the   field  may  vary  in   intensity  of 
power^  from   place  to  place,  either   along  the  Hues  or  across 
them  ;  but  it  will  be  better  to  assume  for  the  present  considera- 
tion a  field  of  equal  force  throughout,  and  I  have  formerly  de- 
scribed how  this  may,  for  a  certain  limited  Bpace,  be  producedj 
<24d5.) .     In  such  a  field  the  power  does  not  vary  either  aloa| 
or  ncrota  the  hncs,  but  the  distinction  of  direction  is  as  greai' 
and  important  as  ever,  and  has  been  already  marked  and  ex- 
pTfi«sed  by  the  term  tsXtA  and  equatorial,  according  as  it  is 
either  pArallel  or  transverse  to  the  magnetic  axis. 


Fi«.l. 


Fig.  S. 
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3807.  When  n  paramagnetic  conductor,  as  for  iostmoe,  « 
sphere  of  oxygen,  is  introduced  into  sucli  n  magnetic  field,  con- 
sidered prcriouaty  as  free  from  matter,  it 
will  cause  a  conceuttatiou  of  the  linca  of 
force  on  and  through  it,  su  that  the  space 
occupied  by  it  traasuut«  more  magnetic 
power  than  before  (fig.  1).  If,on  the  other 
hand,  a  sphere  of  diamagnetic  matter  be 
placed  in  a  similar  Seld,  it  will  cause  a  di- 
Tergenco  or  opcniug  out  of  the  linca  in  the 
equatorial  direction  (fig.  2) ;  aud  less  mag- 
netic power  will  he  transmitted  through  the 
apace  it  occupies  than  if  it  -were  away. 

2808.  In  this  manner  these  two  bodies 
will  be  found  to  affect  firtt  the  dircct'toH 
of  the  Hues  of  force,  not  only  within  the 
Bpacc  occupied  by  themselves,  but  also  in  the  neighbouring 
apace,  into  wliich  the  lines  passing  through  them  are  prolonged  ; 
and  this  change  in  the  course  of  the  lines  will  be  in  the  contraiy 
direction  for  the  two  cases. 

2801).  Secondly,  they  will  aifecl  the  amount  of  force  in  any 
particular  part  of  the  space  within  or  near  them  ;  for  as  ocry 
aectiou  across  the  line  of  sach  a  magnetic  field  must  be  definite 
in  amount  of  force,  and  Tie  in  that  respect  the  same  as  every 
other  section,  bo  it  la  impossible  to  canae  acoueentration  withiu 
the  sphere  of  o\ygcu  (fig.  I)  without  causing  tAsso  a  simultaneous 
concentration  in  the  parts  nxially  situated  aa  a  a  outside  of  it, 
and  a  corresponding  dinunuliun  in  tJie  parts  ccjuatoriaWy  plawd, 
b  b.  On  the  other  hand,  the  diamagnetic  body  [fig.  2)  will  cause 
diminution  of  the  magnetic  force  iu  the  parts  of  spa«;  axially 
placed  in  respect  of  it,  ee,  aud  concentration  in  the  near  equa- 
torial parts,  rf  d.  If  the  magnetic  field  be  considered  as  limited 
in  its  extent  by  the  walls  of  iron  foruilng  the  faces  of  upputied 
poles  (24/Jo.),  then  even  the  distribution  of  the  magnetism  within 
the  iron  itself  will  he  affected  by  the  presence  of  the  paramag- 
netic or  diama^uctic  bodies ;  and  this  will  happen  to  a  very 
large  extent  indeed,  when,  from  among  the  paramagnetic  clau 
such  Rubstauces  as  iron,  nickel  or  cobalt  arc  selected. 

2810.  The  iufiuence  of  this  diuturbuneo  of  the  forces  upon  the 
place  and  position  of  cither  a  paramagnetic  or  a  diamagnetic 
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body  placed  vitliin  the  nuignetic  field,  is  readily  deduced  upon 
coMideration  and  caitily  mailc  manifest  bj  experimenl.  A  small 
apbereof iron  placed  within  afield  of  equal  inagnclic  power, 
bounded  by  the  iron  poles,  has  a  position  of  nnstatjic  equili- 
brium, equidistant  from  the  iron  surfaces,  and  at  such  lime  » 
great  concentration  of  force  takes  place  through  it,  and  at  the 
iron  faces  opposite  to  it,  and  through  tlie  interceniog  axial 
spaces.  If  the  sphere  he  on  either  side  of  the  middle  distance, 
it  flica  to  the  nearest  iron  surface,  and  then  can  determine  the 
greatest  amount  of  ms^ctlc  force  to  ot  upon  the  axial  line? 
which  pass  through  it. 

2811.  If  the  iron  be  a  spheroid,  then  its  greatest  diameter 
points  axially,  whether  it  be  in  the  position  of  unstable  equili- 
brium, nearer  to  or  in  contact  with  the  iron  walls  of  the  field. 
As  the  eircamstanccs  arc  now  more  faTonrabIc  for  the  concen- 
tration of  force  in  the  axial  line  pns:*ing  through  the  bodj  than 
before,  so  this  result  can  be  produced  by  much  weaker  para- 
ma^etics  than  iron,  and  I  have  no  doubt  could  easily  be  pro- 
duced by  a  vessel  of  oxygen  or  nitric  oxide  gas  {2782.  2792.). 
It  now  becomes  indeed  a  form,  though  not  the  best,  of  that  ex- 
periment by  which  the  magnetic  condition  of  bodies  is  considered 
as  mcnt  seusitivety  tested. 

3812.  The  relative  deficiency  of  power  in  dianxagnetie  bodies 
renders  any  attempt  to  obtain  the  convemc  phrenomena  to  LhuHS 
of  iron  somewhat  difticult ;  in  order  therefore  tu  uxalt  the  con- 
ditions, I  used  a  saturated  solution  of  protosulphate  of  iron  in 
the  magnetic  field ;  by  this  means  I  strengthened  the  lines  of 
power  passing  across  it,  without  diitturbiiig  its  equality  in  tlve 
part*  employed,  or  introducing  any  error  into  the  principle  of 

le  experiment,  ant)  then  used  bismuth  m  the  diamagnctic  body. 

,  cylinder  of  this  substance,  suspended  vcrticnlly,  tended  well 
towards  the  middle  distance,  finding  its  place  of  stable  equili- 
brium in  the  spot  where  the  paramagnetic  body  had  unstable 
equilibrium.  When  the  cylinder  was  suspended  horixontalty, 
then  the  direction  it  took  was  equatorial ;  and  this  cScct  all 
was  very  dear  and  distinct. 

3813.  These  relative  and  reverse  positions  of  paramagnetic 
tod  diamagnctic  bodicsj  in  a  field  of  equal  magnetic  force,  acconlf 
well  with  their  kuown  relations  to  each  other,  and  with  the  kind 
of  action  already  laid  down  in  principle  (2807.)  as  that  which 
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they  exert  on  the  magnetic  poivcr  tu  whicli  thcj  are  subjected. 
One  may  retain  them  m  the  miud  by  conceiving  that  if  aliquid 
sjiherL-  of  a  paramagiietic  conductor  were  io  the  place  of  action, 
»ud  then  the  magnetic  force  developed,  it  would  change  m  form 
and  be  prolonged  axially,  becoming  an  oblong  spheroid;  whereas 
if  such  a  sphere  of  diamngnetic  matter  were  placed  there,  it 
would  be  extended  la  the  equatorial  direction  and  become  an 
oblate  spheroid. 

2814.  The  mutual  action  of  two  portions  of  paramagnetic 
matter,  when  they  arc  both  in  such  a  iicid  of  cqaal  magnetic 
force,  may  bo  anticipated  from  the  principles  (2S07.  2830.),  or 
from  the  corresponding  facts,  which  are  generally  known.  Two 
Rpberev  of  iron,  if  retained  in  the  same  equatorial  plane,  repel 
each  other  strongly ;  but  as  ihcy  ore  allowed  to  depart  oat  of 
that  plane,  they  first  lose  their  mutual  repulsive  force  and  then 
attract  each  other,  and  that  they  do  most  ]>owcrlully  when  in  au 
axial  dirceliuii. 

2815.  With  diamaguetic  bodies  the  mutual  action  is  more 
difficult  to  determine,  because  of  the  comparative  lowne-ita  of 
their  condition.  I  therefore  resorted  to  tbo  expedient,  before 
described,  of  ualug  a  saturated  solution  of  protosulpliate  of  irou 
as  the  medium  occupying  the  field  of  equal  magnetic  force,  and 
employing  two  cylinders  of  phuBphurus,  about  an  inch  long  and 
half  au  inch  in  diauieter,  as  tbc  dlamagnetic  bodies.  One  of 
these  was  suspended  at  the  end  of  a  lever,  which  was  itaelf 
suspended  by  cocoon-silk,  so  as  to  have  extremely  free  motion, 
and  the  adjuatmcuts  were  such,  that  when  the  phoaphorus  cy- 
linder was  in  the  middle  of  the  magnetic  Held,  it  was  free  to 
move  equatorinlly  or  acrosw  the  lines  of  magnetic  force;  it  how- 
ever had  no  tendency  tu  do  so  uudcr  the  iutluence  of  the  magaetic 
force.  The  other  cylinder  was  attached  to  a  copper  wire  handle, 
and  could  be  placed  in  a  fixed  position  on  cither  side  of  tho 
former  cylinder ;  it  was  therefore  adjusted  close  by  the  side  of 
it,  and  the  two  retained  togetbeVj  until  all  disturbance  from 
motion  of  the  fluid  or  of  the  air  had  ceaied ;  then  the  retaining 
body  was  removed,  the  two  plio-sphonu  cylinders  atill  keeping 
their  places;  Hn&lly,  the  magnetic  power  was  brought  into  ac- 
tion, and  immediately  the  moveable  cyUudcr  separated  slowly 
from  tbc  fixed  one  and  passed  to  a  distance.  If  brought  badi 
again  whilst  the  magnet  was  active,  wheulef\  at  liberty  it  receded; 
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bat  if  mtored  to  dose  vicinity,  wbeu  the  magnetic  force  vaa 
airsjr^  it  retained  that  sitimtioD.  The  effect  took  place  either  in 
the  one  direction  or  the  other,  according  as  the  fixed  cylinder 
tris  on  this  or  that  side  of  the  moving  one;  but  the  motion 
na«  in  both  casea  across  the  Itnea  of  magnetic  force,  and  was 
indeed  mechanically  and  purjiosely  limited  to  that  direction  by 
the  mode  of  su»pcmion.  When  two  bismuth  ballit  were  placed, 
ID  respect  of  each  other,  in  the  direction  of  the  magnetic  axis,  »o 
that  one  might  move,  but  only  iu  the  dirccttou  of  that  axis,  its 
place  waB  not  ncnsibly  affected  by  the  other;  the  tendency  of 
the  free  one  to  go  to  the  middle  of  the  field  (2812.)  overpowered 
any  other  tendency  that  mij^ht  really  exist. 

2816.  Thus  two  diamagnctic  bodies,  when  in  the  magnetic 
field,  do  truly  affect  each  other ;  hut  the  result  is  not  opposed  in 
its  directiou  to  that  of  paramaguetic  bixliL-s,  being  in  both  caaea 
a  aeparation  of  the  substances  from  each  other. 

2817.  The  comparif^on  of  the  action  of  para-  auddiamognctic 
bodies  on  each  other,  was  completed  by  usiag  water  as  the  mc- 
dinm  in  a  field  of  equal  magnetic  force,  and  suspending  a  piece 
of  phosphorus  from  the  torsion  balance.  'When  tlie  magnetic 
power  was  on,  tliis  phosphorus  was  repelled  equatorially,  aa 
before,  by  another  piece  of  phosphorus,  but  it  was  attracted  by 
a  tube  fiUcd  with  a  ttataratcd  solution  of  protosiilphatc  of  iron  ; 
«o  paramagnetic  and  iliamagnetic  hodies  attract  each  other  equa- 
torially in  a  mean  medium,  bat  each  repcb  bodies  of  its  own 
kind  (2831.). 

%  ii.  Conduction  polarity. 

2818.  Haring  thus  considered  briefly  the  effects  which  the 
distufbancc  of  the  lines  of  force,  by  the  presence  of  paramag- 
netic and  diamoguctic  bodies,  iscompetcut  to  produce  (aS07.&c.), 
1  will  aslt  attention  to  that  which  mny  be  couaidcred  as  their 
polarity  ;  not  wialiing  by  the  term  to  indicate  any  internal  con- 
dition of  the  substances  or  their  particles,  but  the  condition  of 
the  mass  as  a  whole,  in  respect  of  tiie  state  into  which  it  it 
brought  by  its  own  dinturbaDCc  of  the  linci  of  magnetic  force  ; 
and  that,  both  iu  regard  to  its  condition  with  respect  to  other 
bodies  similarly  affected ;  and  also  iu  regard  to  diScrences exist- 
ing in  differeot  parts  of  its  own  mass.  Such  a  conditiou  con- 
cems  what  may  be  called  conduction  polarity.  Bodies  in  free 
■pace,  when  under  magnetic  action,  will  poescsa  it  in  its  simplest 
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condition;  but  bodies  immorscd  in  other  media  urill  itUo  possess 
it  under  more  complicated  forms,  and  its  amount  may  tlien  be 
rariedj  being  reversed  or  increased,  or  diminisliod  to  a  xerj 
large  ext«nt. 

SH19.  Taking  the  simplest  case  of  paramagnetic  [lolanty,  or 
that  presented  in  fig.  I  (2807.),  it  consists  in  a  conrei'geuce  of 
the  lines  of  magnetic  force  on  to  two  opposed  ports  of  the  bodj, 
vhich  are  to  each  other  in  the  direction  of  the  magnetic  axis. 
The  dlfFcrencc  in  character  of  the  two  poles  at  these  parts  \i 
very  great,  hciug  that  which  is  due  to  the  known  difference  of 
qusdity  in  the  two  oppo^tite  directions  of  the  line  of  magnetic 
force.  ■V\^lethe^  polar  attraction  or  repulsion  exists  amongst 
paramagnetic  bodies,  when  they  present  mere  cases  of  conduc- 
tion (as  oxygen,  for  instance),  is  not  yet  certain  (2827.),  but  it 
probably  does ;  and  if  so,  will  doubtless  be  consistent  with  the 
attraction  and  rcpul&ion  o(  magnets  having  correspondent  poles. 

UBiO.  "When  wc  eouaidcr  the  conduction  polarity  of  a  dia- 
magnctic  body,  matters  appear  altogether  diflcrent.  It  has  not 
a  polarity  like  that  of  a  paramagnetic  substance,  or  one  the  mere 
reverse  (in  name  or  direction  of  the  lines  of  force)  of  such  a 
substance,  as  I,  Weber  and  others  have  at  times  assumed  (2040.), 
but  a  stAtc  of  its  own  altogether  special.  Its  polarity  consists 
of  a  divergence  of  the  lines  of  power  on  to,  or  a  convergence 
from  the  parts,  which  being  opposite,  are  in  the  direction  of  the 
magnetic  axin  ;  so  that  tlicse  polci,  having  the  same  general  and 
opposite  relations  to  each  other,  which  correspond  to  the  dif- 
ferences in  the  poles  of  paramagnetic  bodies,  have  still,  under 
the  circumstances,  that  striking  contrast  and  difference  from  the 
polarity  of  the  latter  bodies  which  ia  given  by  couvergciioe  and 
ilivt-rgeuce  of  the  lines  of  force. 


Fig,  3. 


2831.  Let  fig.  3 
represent  a  limited 
magnettcfield  with  a 
paramagnetic  body 
P,  and  a  diamag- 
iielic  body  D,  in  it, 
and  let  N  and  S  re- 
present thctwo  walls  ' 
of  iron  associated  with  the  magnet  (2465.)  which  form  its  boun- 
dary, we  shall  then  be  able  obtain  a  clear  idea  of  the  direction 
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of  die  lines  of  maguetie  force  in  the  field.  Now  the  two  bodies,  P 
and  D,  cannot  be  represented  by  supposing  merely  thai  lliey  bave 
tlie  same  polarities  in  opposite  (lircctioii&.  The  1  polarity  of  P 
ia  importantly  unlike  the  'i  polurity  of  D  ;  but  if  1)  bo  considered 
as  hnvin^  the  rcvcrao  polnriticir  of  P,  then  the  one  polarity  of  P 
shnuld  he  like  the  4  [xtlurity  of  D,  wherciM  it  is  more  unlike  to 
that  than  to  the  ^  polarity  of  D,  or  even  to  its  own  2  pnlnritv. 

3822.  'nicrc  arc  Ibcrcfore  two  essculiwl  diBVreuccB  in  the  na- 
ture oE  the  polarities  dependent  on  conduction,  the  differeni^  in 
the  direction  of  the  linc«  of  force  abutting  on  the  polar  surfaces, 
wbeu  the  comparison  is  with  a  magnet  reversed,  and  the  dlf- 
ferenee  of  comergener  and  divergence  of  these  lines,  when  com- 
pared  with  a  magnet  not  reversed;  and  hence  a  dinmagnetic 
body  is  not  in  tliat  condition  of  polarity  nhicit  may  be  rcpra* 
BCDtcd  by  turning  a  paramagnetic  body  end  for  end,  irhilc  iC 
retainit  its  magnetic  state. 
S&'id.  T)ianta;;iieiic  bodies  In  media  more  diainagnetic  than 

^tlienuclvL'S,  would   have  the  polar  cnndilion  of  piu'ama^ctic 
bodies  (^19.) ;  and  In  like  mauncr  paramagnetic  conductors 

.in  media  more  paramagnetic  tlian  thcauclrcSj  would  have  the 

f^larity  of  diaraaguctic  bodies. 

3824.  Besides  these  differences  tbe   bodies  must  liave  an 

L^juntoriul  condition,  which,  in  the  two  classes  of  conductors, 

^vould  he  able  to  produce  corrcnponding  clfLTts.  The  whole  of 
thcc(|natorialpartofP  (tig.  3}  isalikcinpolar  relation  to  thcbody 
P,  or  to  the  lines  of  force  in  the  surrounding  space  ;  and  there 
is  a  like  corrpspondonce  in  the  e(|iiaturittl  parts  of  D,  either  to 
itaclf  or  to  apace;  but  these  parts  iu  Porin  D  differ  in  iotcusity 
of  power  one  from  tlie  other,  and  both  from  the  general  inten- 
sity of  the  apace.  Sucli  equatorial  conditions  must,  1  think, 
exist  aa  a  eonsciquenec  of  the  definite  character  of  any  given 
tceiion  of  the  magnetic  field  (2809.)- 

2A25.  Though  the  experimental  results  of  these  polarities  arc 
not  abacnt,  still  they  arc  not  very  evident  or  capable  of  being 
embodied  lu  many  striking  forms  ;  aud  that  because  of  the  ex- 
treme weakness  of  the  forces  brought  into  play,  as  compared 
tritli  those  larger  forces  exhibited  in  the  mutual  action  of  mag- 
nets, rieuce  it  is,  that  the  many  attempt*  to  show  a  ptdarity  in 
bismuth  have  either  failed,  or  otlirr  phu:uomenu  have  been  mis- 
taken for  tboRC  properly  referable  to  euch  a  esusc.  The  highest, 
roL.  111.  I 
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aud  therclore  tlm  mmt  delirate,  U^it  of  polarity  we  poesess,  is  in 
the  «ubjectioii  of  the  polar  bodj-  to  the  line  of  direction  of  mag- 
netic forces  of  a  ven*  liigli  degree,  when  developed  around  it; 
and  hence  it  is,  that  the  pointing  of  a  eiilwtancc  bcturccn  the 
poles  of  a  powerful  magnet  is  continually  referred,  to  for  such 
a  piirpnse.  It  would  be,  and  is  utterly  in  vain  to  look  for  any 
mutual  action  Iwtween  tlie  poles  of  two  weak  paraniagnclic  or 
diaiuagiictic  eondurtom  in  many  cases,  when  the  action  of  these 
same  poles  ia  nhmidantly  manifeist  in  their  mlatiou  to  the  almost 
infinitely  Btronjcr  poles  of  a  powerful  horscahoo  or  electro- 
magnet. 

28;fG.  Itookatuhca  (fig. 4), filled withasaturated 
solution  ofiiiilpliatc  of  cobalt,  audsiispended  ithetwecn 
thcpolcaoftliegrcatclcctro-magnet;itact  readily  and 
well.  Another  tube,*,  waa then  filled  with  asaturated 
solution  of  sulphate  of  iron,  and  being  a«*ociate(l  with 
thcS  poleof  themagiipt,  was  brouffhtnear  the  cobalt 
tube  in  the  manner  shown,  but  not  the  slightrat  eflcct 
on  the  position  of  a  wbb  ubaervahlc.  The  tube  fr  wius 
changed  into  the  poaitiou  e,  to  double  any  elTcct  that 
might  he  present,  but  no  trace  of  mutual  Vtion  between  the 
poles  of  a  and  b  vaa  Tisihte  (281!).]. 

2827.  To  increase  the  effect,  the  magnetic 
wa»  simpended  in  water,  aa  a  good  diomaguetic 
medium,  between  flat-faced  poles  (fig.  5).  It 
IKtintrd  well.  Two  bottles  of  anturatcd  solution 
of  sulphate  of  iron  were  pUeed  at  rf  and  e,  but 
they  did  not  alter  the  pONition  of  a  ;  being  re- 
moved  into  the  positions/  and  g,  neither  was 
any  sensible  alteration  of  the  }>osilioti  of  a  pro< 
ducod.  I  made  the  fiaiac  kind  of  expcrimctit 
with  an  air-lube  in  wuler,  in  whieh  ease  it  points 
Axially  (2400.),  with  the  same  negative  result. 
I  do  not  mean  to  ».ssert  that  there  was  abso- 
lutely UQ  effect  produced  in  these  cases  (2810.) ; 
but  if  any,  it  must  have  been  inappreciably 
small,  and  shown  how  unfit  such  means  arc  to  compare  with 
those  which  arc  supplied  hy  the  pointing  of  a  body  wben  under 
the  influence  of  powerful  magnets.  ]f  polarity  cannot  he  found 
by  these  methods  in  paramagnetic  bodies  so  strongly  uiflucutial 


aolutioQ  tube 
Fig.  6. 
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a«  Mturnted  solution  of  iron,  nickel  or  cobalt,  it  can  hardly  be 
expected  to  manifest  itself  by  analogoos  actions  in  tlic  much 
weaker  cases  of  dtamagQctic  subatances. 


2828.  \V1icn  a  spbericnl  pnramagnrtic  conductor  is  placed 
midwajr  in  a  fiehl  of  rcfan]  magnetic  force,  it  occupies  a  place  d{ 
uiistiil)lu  Cfiuilibrinm,  from  which,  if  it  Im:  disiilaceil  ever  so  little, 
it  will  continue  to  move  until  it  has  gained  the  iron  bouudury 
walla  of  the  field  (2-lflo.  2810.)  ;  this  is  a  conBeqiienco  of  its 
particular  [lolar  condition.  If  tlic  sphere  were  free  to  change  its 
form,  it  would  elongatcin  tbcdireclion  of  the  magnetic  aiia;  or 
if  it  were  a  solid  of  an  elongated  form,  it  wonld  point  ax.iaUy, 
both  couAcqocnccs  of  its  polar  coiiditiou  (2811.). 

2829.  Su  alHO  in  tlte  caseof  diamagnctic  bodies,  their  peculiar 
condition  of  polarity  is  shown  by  curnflliondiiig  fwrts,  iinmely, 
by  a  spherical  portion  having  its  place  of  stable  cipiitibriuin  in 
the  middle  of  the  magnetic  field  (2812.),by  a  flniti  portion  tend- 
ing to  expand  cquatorially  and  become  an  oblate  spheroid 
'2813.],  and  by  the  equatorial  pointing  of  an  elongated  |>ortion 
(2812.).  If  pointed  magnetic  poles  arc  usnl,  then  tlie  effects 
arc  very  much  stronger,  but  arc  exactly  the  luime  in  kind,  and 
deiiendent  ujion  the  same  causes  anil  polar  conditions. 

SV30.  Tbcrc  arc  another  set  of  eSccts  produced,  which  are 
either  the  results  of  the  nxial  polarity  just  referred  to,  or  else 
may  be  (-■onstderHt  us  cunset^ueneus  of  tho  eunilittou  of  the 
equatorial  parts  of  the  couductors  (2824.).  Two  balls  of  iron, 
in  a  iirld  of  equal  force,  if  retained  in  a  plane  at  right  an;;lca  to 
the  tine  of  force,  i.e.  with  their  equatorial  parts  in  juxlapuaition, 
scpamto  from  eadi  other  with  considerable  power  (2814.),  and 
iho  probability  is  that  two  infinitely  weaker  bodies  of  the  para- 
'  ua^etic  class  would  separate  in  like  manner.  Two  portions  of 
phosphorus,  being  a  dianiagnetic  subslauce,  have  becu  found 
also  to  separate  nudcr  the  same  circumstances  (2815.). 

28^1.  The  motions  hero  are  of  the  sarau  kind,  whereas  they 
mif^ht  have  been  expected  to  be  the  reverse  (28Ui.)  of  each  other; 
still  they  arc  perfectly  consistent.  The  diamagnctics  ought  to 
separate,  for  the  field  is  atnnigrr  in  linca  of  mti^etic  force 
between  tlicm  than  on  the  outsider,  as  may  easily  l>c  seen  by 
considering  the  two  spheres  D  J3   in  fig.  6 ;  and.  therefore  this 
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motion  is  consistent,  tnd  is  in  accordance  generally  «rlt1i  tlie 
opening  or  »et  eqnatorially,  cither  of  scfMirate  portions  or  of  a 

continuous  mass  oF  sucb  substances  (282it.)»  in  their  teudcncj 

Fig.  6. 
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to  ^a  from  stronger  to  weaker  places  of  action.  On  the  othe^ 
liaud,  the  two  hoIU  of  iron,  P  P,  have  weaker  linca  of  force 
between  them  than  on  the  outside;  and  ss  their  tendency  is  to 
paaa  from  weaker  to  stronger  places  of  action,  ihry  aNo  sepa- 
rate to  fulfil  the  requisite  condition  of  cqiiilibrinra  of  forces. 
Finally,  »  [vuramapicttc  and  a  diamtiffnctic  botly  attract  each 
other  (2817.)  ;  anil  thej-  ought  to  do  %n,  for  the  Hianing-iictic 
body  finds  a  place  of  weaker  action  touardB  the  parnmngnctic 
body,  and  the  paramaguetie  substance  finds  a  place  of  stronger 
action  in  the  vicinity  of  the  dinmafrnetic  bwly,  I>  1',  fi';,  G. 

2832.  I  have  frequently  spoken  of  iron  in  illustration  of  the 
action  of  paramagnetic  conductors,  and  considered  the  polarity 
which  it  acquires  as  the  ftnme  with  that  uf  these  eonductora; 
hut  I  must  now  make  clear  a  distinction,  which  eiists  In  ray 
mind,  with  rrganl  to  the  polarity  of  a  magnet,  and  the  polarity, 
as  I  have  called  it,  due  to  mere  eouductioti.  This  distinction 
has  an  imiwrtant  infliienco  in  the  crwe  of  iron.  A  pcnnancnt 
magnet  hsN  n  polarity  in  itHcIf,  which  is  pnaspjiscd  a\»0  by  its 
particlc«;  and  this  polarity  is  essentially  dependent  upon  the 
power  which  the  magnet  inherently  posaea^'a.  It,  as  well  as 
the  power  which  produces  it,  is  of  such  a  nature,  that  weeaunot 
conceive  a  mere  space  void  of  matter  to  possess  either  the  one 
or  the  other^  whatever  form  that  space  may  be  supposed  to  have, 
or  howCT'er  strong  the  lines  of  magnetic  force  passing  across  it. 
The  polarity  of  a  conductor  ia  not  necessarily  of  thi.s  kind  ;  is 
not  due  t«  a  determinate  arrangement  of  the  cause  or  source  of 
the  magnetic  action,  which  in  its  turn  o^'cniles  and  determines 
the  Bpccinl  direction  of  the  lines  of  force  (2H07.)  ;  but  is  simply 
a  consequence  of  ibc  condensation  or  expansion  of  the*e  lines  of 
force,  as  the  aubstaucc  under  consideration  is  more  or  less  fitted 
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to  cooTC^  tlicir  inflacnce  onwards.  It  is  evictently  a  verf  dif" 
fereut  thing  to  originate  sucb  Hue*  of  power  and  determine  their 
direclioH  on  the  one  hand,  and  uulr  to  assist  or  retard  thrtr  pro* 
grcMiou  without  any  rcfcrcuce  to  tiieir  direction  ou  tlic  other. 
Speaking;  fij^iratively,  the  difference  may  lie  compan>d  to  that 
of  a  vollaiL'  hattt-TV  and  tlie  (?ou:Uioling  wires,  or  substonoea, 
vhich  couricct  ita  extremities.  The  stream  of  force  passes 
throngh  both,  but  it  is  tbc  battery  which  originates  it,  and  also 

.  dctenuinca  its  direction  ;  the  wire  is  only  a  bettor  or  woreccoa- 
diietor,  however  by  variation  of  forni  or  quality  it  may  diffuac, 
condense,  or  vary  the  stream  of  povrer. 

28.1.3.  If  this  distinction  be  admitted,  wc  hare  to  consider 
whcthi-r  irr>M,  irbL-o  under  the  iutlueiiec  of  lincx  of  magnetic 
poner,  becomes  a  magnet  and  has  ita  proper  polarity,  or  is  it 
mere  paramaffnetic  conductor  with    conducting  puwers  of  the 

^lighest  possible  degrve.  In  ilie  first  place,  it  would  have  the 
real  polarity  of  the  mo^et,  in  the  second  only  that  wbicb  I 
aastgn  to  oxygen  and  other  conducting  bodies.     To  my  mind 

ktbe  troD  U  a  magnet.    It  can  be  raised  as  a  source  of  lines  of 

[magnetic  power  to  an  extreme  degree  of  energy  in  the  electro- 
magnet; and  though,  when  very  soft,  it  usually  loses  nearly 
all  this  poirer  upon  the  Re»s.itton  of  the  electric  current,  yet 
aueb  u  not  tbe  case  if  the  mass  of  metal  forms  a  continuous 
circuit  or  ring,  for  then  it  can  retain  the  force  for  hours  and 
VMilu  together,  and  ia  evidently  for  the  time  an  original  source 
of  power  independent  of  any  voltaic  current.  Hence  1  think 
that  the  iron  under  the  itiQueucu  of  liiLes  of  magnetic  povrer 

I  becomes  a  mugnct;  and  ibougb  it  then  has  the  same  kind  of 
polarity,  xi  to  direction,  as  a  mere  paramngnetic  eonductorf 
subject  to  the  same  tines  of  forec,  stilt  with  a  great  ditlcrence; 
for  at  the  intcTnid  pnrticlcs  of  iron  beeome  in  a  degree  each  a 
rstem  producing  magnetism,  so  their  polarity  i.4  correUt»l  and 

'combined  together  into  a  polar  whole,  which,  being  infinitely 
more  intense,  may  also  be  very  different  iu  the  disposition  of  ita 
force  in  diftercnt  parts,  to  that  equivalent  to  polarity,  which  a 
more  conductor  poescxscH. 

283-k  It  appears  to  me  also  as  very  probable,  that  when  iron, 
nickel  and  cobalt,  arc  heated  tip  to  the  respective  temperatures 
at  which  they  los*  their  woiiderrul  degree  of  power  (2317.)  and 
retain  only  so  small  o  portion  of  it  aa  to  require  the  most  MD- 
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ftible  test  to  make  it  raauifest  (2313.) ,  they  then  hare  paased  iato 
the  cxinditiou  of  paramagnetic  cotiducton,  have  lost  aJI  ability 
to  acquire  that  state  of  iiit«nial  polarity  Uiey  could  assume  as 
magncta,  and  now  hnTp  no  other  polarity  thaa  that  which  belongs 
to  tlicm  as  massi's  of  paramaguistic  matter  (3819.).  It  is  also 
prohabte  that  iu  many  states  of  comhiuation  thesf^  metalf)  may 
take  up  the  mere  conducting  state;  for  instance,  that  whilst  in 
the  protoxide,  iron  nmy  constitatc  a  ma^ct,  in  the  peroxide  it 
is  only  a  conductor  ;  and  in  thia  respect  it  is  not  a  little  curioa* 
to  Htid  oxyKCn,  n'Uich  aa  a  gas  is  a  param;<gnctic  body  (2782.), 
reducing  iron  down  to,  and  indeed  far  below  its  own  coodition, 
weif^ht  for  weight,  lu  their  various  salts  aUo  and  aoUitioiis, 
thrso  metals  may,  in  coujuuction  nith  the  cotubiued  matter,  be 
actioK  only  as  coaductura. 

SSl'JS.  Perhaps  I  on^ht  not  to  haTC  called  the  condition  of 
concentration  or  expansion  of  the  lines  of  magnetic  force  iu  the 
bodies  acting  as  oouductors,  a  polarity  ;  inasmuch  as  true  mag- 
netic polarity  depeuds  essentially  and  entirely  on  the  direction 
of  the  line  of  force,  and  not  on  any  mere  compression  or  dircr- 
ffcnce  of  these  lines,  i  have  done  so  only  that  I  might  point 
with  the  more  facility  to  facta  and  views  that  have  heretofore 
been  associatt^d  with  some  su|>poscd  polarity  in  the  bodies  which, 
Trhctbcr  |iarnma^netic  or  diamagnrlic,  I  have  been  considering 
as  mere  eondueton,  and  I  hope  that  no  mistake  of  my  meaning 
w  ill  arise  in  conaequeucc.  1  have  already  asked  for  such  liberty 
in  the  use  of  phrases  (liue«  of  force,  conducting  power,  &c.) 
(:314!).  279~.)  as  may,  fur  the  time,  set  me  free  from  the  bondage 
of  |in;foncciifcd  notions  ;  these  are,  for  that  very  reason,  cxceed- 
iufc'ly  useful,  provided  thryarefor  the  time  sufficiently  restricted 
iu  their  meaning,  and  do  not  admit  of  any  hurtful  looseness  or 
iiutccuracy  iu  the  representation  of  facts. 

%  iii.  Magnecryataltic  ronduct'toi^. 

S83ff.  The  bcaiitifii)  researches  of  Pltiekcr  in  relation  to  mag- 
ueoptic  pbienomena  cannot  have  been  forgotten,  and  I  hope  that 
my  own  experiments  on  m  ague  crystal  lie  results  (24S4.  &c.)  are 

'  I  rnqst  refer  lipw  in  the  important  jinpor  bv  jrM.  Tyndoll  und  H.  Knf>- 
btnucli  on  tbia  *ubject  is  ihu  PhiloMjluukl  Mb^yuuiiv,  1650,  vol.  xxxvii.  p.  1. 
U.  F.— JaQuary  6,  leSl. 
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remcmberefl  in  conjunctiou  irith  Us;  Ibc  pbicoomcDa  described 
by  us  arc,  as  I  believe,  dae  to  a  commou  cause,  aod  are  tbc  same 
in  kind;  nnil  a*  far  a«  tlioy  are  prfseiit«?d  by  pure  transpart-ut 
bodies,  arc*  I  think  brought  by  Pluekcr  into  a  proper  relation  tg 
the  positiTc  aiul  neg:atiTc  optic  axis  of  sucli  bodies'.  In  these 
easea  a  ciystallinu  bcHly  seta  piiwt-rfiilly,  or  takes  np  a  particular 
iwaition  when  placed  in  a  liclil  of  magnetic  furcc  (2i61.  ^479. 
3630.)^  without  reference  to  ita  parama|;iietic  or  diamaguetic 
cbaracter  (2uC2.],  aui)  xlso  without  shsuuuo^  any  state  whlcb  it 
can  un  itn  rcnaoval  bnii^  away  it  (2^Uk). 

S837.  If  tbc  idea  of  coadnctiou  be  applied  to  tbesc  mag- 
DcorTHtnltic  bodies,  it  would  seem  to  satisfy  all  that  requires  cx- 
plauatiun  in  llieir  stpecini  restittR.  A  maf^ eery ittal lie  substance 
would  tben  be  one  which  in  tbc  erysLatlized  state  coubl  conduct 
onwards,  or  permit  tbc  exertion  of  the  magnetic  force  with  more 
facility  in  one  direction  than  another ;  and  that  direction  would 
be  the  magnccrystallic  axis.  Hcneo  when  in  the  magnetic  fields 
tlie  magneerystalbc  axis  would  be  urgetL  into  a  po.'tition  coinci- 
dent with  the  magnrtic  axin,  by  a  force  corrotpondcnt  to  that 
diflcrrnci',  just  as  if  two  diflcrcut  bodit-s  were  taken,  when  the 
ouc  with  tlic  greater  conducting  power  displaces  tliat  which  is 
veakcr. 

a8;iS.  The  efftt't  of  posiiicm  would  thns  be  aecountcd  foi 
(2586.) ;  and  also  the  greater  aptoes's  for  magnetic  conduction 
inuQcdirection  than  in  another  (j!588.2o91.)  :  and,  what  appeared 
to  toe  as  an  anomnlr  in  the  supposition,  tbat  a  tine  of  force  could 
bave  reference  indifferently  to  any  part  of  a  plane  (24500.)  dia- 
ajvpcara.  Tbat  beat  aliould  take  away  this  conducting  power 
(2orO.)  seemed  perfeu-t!y  eonsisicnt  with  what  we  know  of  the 
effect  of  heat  ou  the  ma^^nctie  cuudition  of  iron,  oxygeu,  fcc., 
and  also  upon  the  conducting  power  for  electricity  iu  such  cases 
aa  pUtina,  eulphnrct  of  silver,  kc.  finally,  the  fcisumption  did 
not  appear  inconsiHtent  with  the  state  whieb  the  body  seems  to 
aasnme  for  the  time  during  whieb  it  ia  under  tbc  magnetic  force 
(2G09.  &c.). 

2899.  Hut  if  such  a  viev  were  correct,  it  would  appear  to 
follow  that  a  diatnaguetic  budy  like  bismuth  uugbt  to  be  leM 
diamaguetic  when  itx  magiieerystallic  axis  is  parallel  (as  uearly 
aamay  be)  to  tbc  magnetic  axis,  than  nlicn  it  is  pcrpeadicular 
*  rhiloaopblical  Mit|[uiao,  18 JO,  vol  xxxiv.  p.  4fiO. 
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a  little  nearer  to  the  magnet;  and  when  in  the  fourth  position, 
wliirli  !^  iliamelral  to  the  BRprmil,  then  it  was  furlhtr  out.  Thus 
the  crystaHizLtl  bismuih  proveil  to  Iil'  dianiagiiftic  iii  ditrfri-ut 
degroei,  accordmg  with  certam  dircctiousof  its  magiiccrjrstallic 
axis,  beiug;  more  dlamagnctic  vWn  thia  axis  was  perpendicular 
or  tran.<ivcrse  to  the  Hues  of  magnetic  force,  than  irhcD  it  vaa 
pamllel  to  them  ;  and  thus  the  cxpectntion  founded  upon  tlieo* 
rctical  eonsideration.>i  (2H3U.)  was  couBrmed. 

28|2.  I  tried  to  obtaiu  similar  results  with  a  cube  of  calca< 
reous  spar  (2597.) ;  Cor  it  is  evident  thnt  if  its  optic  axb,  being 
in  a  honxoutal  plane,  is  first  placed  parallel  to  the  magnetic 
axis  aud  then  perpendicular  to  it,  the  body  ouffht  to  b«  more 
diamognclic  in  the  liKt  position  than  in  the  second,  inmimucb 
M  the  latter  is  the  position  which  it  takes  n  p  under  tbe  influence 
of  it«  ma^uecrvstallic  or  magneuptic  condition.  I  could  not 
bovfcver  obtnin  any  distinct  result:*,  partly  berausc  its  power  is 
in  all  respects  very  inferior  to  the  bismuth,  pnrtly  bccauae  of  the 
present  imperfection  of  my  torsion  balance,  and  partly  because 
of  the  »iKC  and  shape  of  the  calcareous  spur.  A  sphere  or  a 
cylinder,  having  the  optie  axis  perpendiculnr  to  the  axis  of  the 
cylinder,  would  be  more  correct  as  formn  of  the  xubstauces  to  be 
tried. 


saw.  In  concluding  this  part  of  the  subject  relating  to  the 

ictic  conducting'  jiowcr,  I  will  now  refer  to  some  of  the 

which  I  think  experimentally  established  its  crhteHce  ia  the 

two  subdivisions  of  mngnctie  bodies  (2805.).     The  pbtee  and 

position  of  imn  in  a  field  of  equal  foree  (2Kl(>.  2N1 1.)  is  no  doubt 

ta  result  of  tbe  extraordinary  power  which  this  body  has  of  trans- 
mitting the  mngDetic  force  across  the  space  which  it  occupies, 
wbvtber  the  partielcji  of  tlic  iron  be  considered  aa  polar  or  uot 
(2832.),  and  therefore  1  accept  the  converse  plisenomcua  as  to 
place  and  pontioa  of  a  dinmagnetie  body  (2ttl2.  2813.)  as  pooof 
that  it  has  less  power  f)f  transmitting  the  magnetic  force  than 
the  Rp«ce  it  cKreupies,  and  from  that  cuuclude  that  it  conducts 
diamagnctically  (2802.). 
Z8-ti-  The  seporntiou  of  paramagnetic  bodic«  in  the  eqnatorial 
dircctiuu  is  a  proofuf  tbe  manner  in  wliieh,  by  their  better  con- 
duction, tbcy  distnrb  the  position  of  tbe  lines  of  force  in  the 
medium  arontul  them  (2831.).     The  separation  uf  two  diaunag* 
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to  it.  Tti  the  tvo  positions  it  sliould  be  equivalent  to  tiro  sab- 
fitiinrRs  huving  different  conductio];  powers  for  ma^ctism,  and 
thepfifore,  if  submitted  to  the  diffrrcntial  l>alaiict',  ought  to  pre- 
sent difTi^rcntial  {)lia.'uumciiu,  eoiTcxpondiiig  in  kind  to  ttiow  of 
oxygen  wid  nitrogen  (fiT74.),  or  phosphorus  and  bismuth,  or 
any  other  two  ciift'ering  hndira,  Thongh  1  have-  given  certain 
rc-inlts  on  a  former  occasiua  nluch  seemed  tu  bvarouthis  ^loiut 
(2551.  3552.  2553.),  they  are  not  satisfactory  in  the  present 
state  of  our  knowledge,  because  thedilTercnce,  if  any,  troutd  he 
small  (25."j2.),  and  quickly  hidden  by  the  eraplojmeut  of  a 
single  pointed  pole.  Other  experiments,  formerly  described 
(2551—2561.],  would  not  show  a  small  difference  in  diamagnetic 
force  (thoiigli  quite  fitted  for  their  intended  purpose),  bccaiieo 
ilipy  were  ma.de  with  Hat-faced  potes^  and  »  field  nearly  equal  in 
magnetic  power, 

28-U3.  The  diflercnlial  torsion  balance  (2773.)  enabled  mc  to 
return  to  this  matter  with  better  hopes  of  success.  A  con- 
sistent group  of  bismuth  erj-Ktals  wa*  selected  (2-tJ7.)  and  hong 
up  on  oue  side  of  the  double  cone  core  {2738.),  wliilslaeyliudcr 
of  tlint-gliL<i!i  wa,*  opposed  to  it  on  tiie  other.  The  Hint-glass 
fraa  to  be  a  standard  of  reference,  and  therefore  neither  its  place 
OQ  the  balance  nor  condition  woa  altered  during  the  experiment. 
The  bismuth  group  was  pl.iecd  with  its  magTireiyatnllic  axis 
horizontal,  and  so  that  it  could  be  turned  in  a  honeoutal  plane, 
that  the  axis  miglit  be  at  oue  time  parallel  tu  the  magnetic  axis 
(or  lines  of  foree),  and  at  other  times  perpendicular  to  it,  but 
without  any  alteration  of  the  distance  of  its  eeutrc  of  gravity 
from  the  opposed  glass  cylinder.  Ucnee,  having  cither  one 
position  or  the  other,  it  could  still  be  eompiired  with  the  cylinder. 

28-11.  The  niagneeryslallic  &\h  was  first  made  parallel  t<j  the 
core  or  magnetic  axis,  the  magnetic  power  developed,  and  when 
the  diamagnetic  bodies  had  taken  their  position  of  rest  or  stable 
eqnilihnim,  the  place  of  thp  bnlauee  lever  was  observed  and 
Tcconicd  by  means  of  a  ray  of  light  reflected  from  a  mirror  at- 
tached to  it.  Then  the  bismuth  was  turned  through  0(f,  or 
until  its  mngneerystallic  axis  'was  pcrpcndieuhLr  to  the  axis  of 
the  double  cone  core;  and  now,  when  the  magnet  was  excited, 
the  plaee  of  the  bianmth  Maa  found  to  he  further  out  from  the 
core  than  before.  On  being  turned  through  9(f  more,  so  as  to 
be  in  a  po&itiuQ  diametral  to  the  6rst  (24-01.),  it^  place  was  again 
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a  little  nearer  to  the  magnet ;  and  when  in  the  fourth  position, 
vbich  is  diametral  to  tbc  eccoatl,  tlicQ  it  vas  further  oat.  Thus 
the  crystallized  bistnutli  proved  to  be  di«mti^ietic  in  ditforent 
d^rees,  according  with  certain  direction^of  itBmagnecrj-Ht.-ilIic 
axis,  l)cing  more  diamngnetic  ivhcn  thia  axis  vos  (icrpeudicular 
or  tniii!>vt:rsc  to  Uie  litit-s  of  magnetic  force,  than  nheii  it  wajl 
pamllel  to  llicm  ;  atid  tlius  the  expectation  founded  upoa  theo- 
retical considerations  (3839.)  was  confirmed. 

2812.  I  tried  to  obt»iu  xiuiilar  results  irith  a  cube  of  calca- 
reous spnr  (2!)97.) ;  for  it  In  evident  thnt  iF  itn  optic  axli,  being 
in  B  horisontal  ]danc,  is  first  placed  parallel  to  the  magnetic 
axis  and.  then  perpendicular  to  it,  the  body  ought  to  bo  more 
diamagnetie  in  the  first  iinaition  thau  in  the  second,  inasmuch 
as  tlie  Utter  is  the  position  which  it  takes  up  under  the  inlluenee 
of  its  mognccrvstalliR  or  magncoptlc  condition.  I  could  not 
however  obtain  any  distinct  results,  partly  beeuusc  its  power  la 
in  all  respects  very  inferior  to  the  bismuth,  partly  bceuu<sc  of  the 
present  imperfection  of  my  torsion  balance,  and  partly  bceauso 
of  the  8ix«  and  shnpe  of  the  calcareous  »par.  A  sphere  or  a 
cjdindrr,  having  the  optic  axis  perpcndiciiliir  to  the  axis  of  the 
cylinder,  would  be  more  correct  as  forms  of  the  substances  to  be 
tricfL 


2d43.  In  eoucludiiig  this  part  of  t)ie  subject  rclatini*  to  the 
magoetic  conducting  power,  1  will  now  refer  to  »ome  of  the 
cases  which  1  thiol;  ex  peri  mentally  establislied  its  f.rM/f7jeein  the 
two  subdivi&iuiis  of  magnetic  todies  (2805.).  The  place  and 
position  of  iron  in  a  held  of  equal  force  (3810.  2811.)  isiiu  doubt 
a  rcfiiilt  of  the  extraonlinary  power  which  this  body  ho.^  of  trans- 
mittiug  the  majDCtic  force  across  the  space  which  it  occupies, 
whether  the  particles  of  the  iron  be  considered  as  polar  or  not 
(2H32.),  aud  therefore  I  aci-ept  the  converse  phatnomena  na  lo 
place  and  position  of  adiamagnctic  body  i^ZUVZ.  2813.)  as  pooof 
that  it  has  less  power  of  trousniittiug  the  magnetic  force  than 
the  space  it  occupies,  and  from  that  conclude  that  it  conducts 
diamagnctically  (aHn2,). 

S^4.  The  nrparation  of  paramagnetic  bodies  in  the  equatorial 
direction  is  a  proof  of  the  manner  in  which,  hy  their  hetler  con- 
duction, they  disturb  the  position  of  the  lines  of  force  in  the 
medium  around  them  (2831.).     Tbo  separation  of  two  diami^- 
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netic  bodies,  under  the  Bame  circiirastances,  in  ancqtml  proof  of 
the  mitnner  in  which,  by  diflercnce  of  (wiidiirting  power,  they 
a2s()  disturb  the  tlupoaitiou  of  the  force  (28I1I.).  The  eciiiHturial 
attraction  of  a  piiraraagnctic  nnd  a  d  iunia^net  ic  body  fur  each 
other,  when  they  arc  in  a  medium,  which  in  conducting  power 
is  between  the  two  (2831.},  is  n  proof  not  only  of  couductioQ 
io  both,  but  aUo  of  their  rcvenie  condition  io  respect  of  each 
other  ami  the  medium. 

28i^.  The  pUue  of  a  cry&tu.!  of  bismuth,  cither  nearer  to  or 
further  from  the  ma^^ctic  axis  ('2Sil.),  according  lu  lt»  mngne- 
erystaUic  bxia  is  parallel  ur  perpendicular  to  the  axial  Uuc,  ia 
also  a  ease  of  the  difference  of  eutiducting  power,  and  therefore 
of  the  possession  of  that  power  by  the  diamagnctic  body.  Many 
other  cases  miglit  be  quotwl  in  iUustration  of  tlic  cxintcnoc  of 
that  power  which  I  as»unie  &8  conducting  power  (3797.).  and 
vbieb  probably  nobody  may  be  inclined  to  deny,  I  will  suji- 
posc  that  the  above  are  cuough  to  explain  my  meaning. 

iiHiii.  It  is  hardly  necessary  for  nic  tu  say  tLat  magnetic  cou- 
duetion  does  uot  mean  electro -conduct  ion,  or  any  thing  like  it. 
The  very  best  electro-conductors,  as  silver,  gold  and  copper,  are 
below  mere  space  in  their  ahilitv  to  favour  the  transmission  of 
magnetic  force,  so  deficient  are  they  in  what  T  have  ealied  mag- 
netic cunductiuu.  Tliere  is  a  slrikiitg  analogy  hetweeii  this 
conduction  of  magnetic  force  and  nliat  1  formerly  called  npccilio 
inductive  capacity  (1253.  &c.)  in  relation  to  static  electricity^ 
which  I  hope  will  lend  to  further  development  of  the  manner  iti 
ubiL-ti  litK^  of  power  axe  adccted  iu  bodies^  and  in  ]}aTt  trans- 
mitted by  them. 

$  33.  Afmoipheric  mafftietism^*. 
TI  1.  General  principlva, 

28(7.  Tt  ia  to  me  an  imjiossihle  thing  to  perceive,  that  two 
ninths  of  the  atmosphere,  by  weight,  is  a  highly  magnetic  body, 

'  A  most  iniportoat  paper  by  i'rofMwT  C}iri»tJe.  "  On  the  Theory  of  lio 
T)iun»J  Vnrifttion  of  thu  Miipiii-tb  NocdJu,"  nppeim  in  th»  I'hilosopliiml 
Tran^ctiana  for  It)S7,  p.  -108.  IirdliT  the  discdvericH  of  Seebccli  in  tbcnnc- 
ujsgiwlbiu  fuid  Uic  experimeuti  of  Cumming.  lie  wa*  indiii-ed  1o  sesrcb  bow 


•  1  oujirlit  (o  rpftr  llii*  twwiun'  of  niv  pitper  Io  a  tlitorr  of  tbp  mute  of  tic 
iifiXj  THrintlmu  by  M.  A.  cU-  U  Riv«>,  Tnutidcd  upon  tbo  idvn  of  tlicnno- 
elecUic  cuTrente  in  the  almoFpliere  4iad  eutli ;  il  v  UI  be  found  ia  ft  ntemoir 
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cnbject  to  ^nt  chanf;«  in  its  magnetic  chanicter,  byranatioDs 
in  its  pliysic*!  conditiooa  of  temperature  nud  coudensatton  or 
rore&ctiou  (2780.),  and  at  the  same  time  subject  to  tlicso  phy- 

tu  tit*  tdr«  of  Uiomo-eurmnti  or  thvrmn-Rinpiotin  polnrity  wouM  npplj  to 
ll)eitttanUpltKi)0aaeo%uidc«iicludiM(p.UJ7),  tJul,  admittbt:  Uwt  ibooWA 
and  Ui£  aimiM{^Tr  are  csbclanoM  la  which  «ucb  Miion  Ckn  imili-r  aafi'imint- 
Mmicm  taJw  'fitM-,  IliMA  »TpArim«ot«  would  indicfito  l.KftC  tiny  ptiHiea  of  tht 
watth  boamdcdbifjiartillrl plana  with  tke  atmoepherr  tiuroiaiAinij  it,  teauU  beeomt 
mnHortif  potmraed  tf  mte  part  trtrt  more  ktmUd  Aa*  annCArr.  Thui  cQnaider- 
iilj'aloaaU'CjMatorialrfiptAnjft/'IAtfMi^,  w«afaouId  hiv«  life  oui^rfie  poU* 
•N  iit  moHAerm  tide,  aaJ  on  Iht  imiiitrH  tide  lieo  ptJet  nmiiarlif  piniUd ;  tha 
^oEm*  ofdtfftrtHt  MUnn  kiny  vf^omJ  to  mkA  othrr  on  tAc  ttrntrnry  tiJu  of  the 
tquiUar. 

■ 
mtiUMl  'On  thd  Diam*1  Variatioa  of  tbo  Mftgncttc  K«ed1c,'     Aiuulca  d» 

cUiDir,  )i^  xsv.  p.  nio. 

A  tiieail  Lbb  ren-Dttv  cnlli>d  my  ntlflntiuD  to  an  oheeTratiun  hy  M.  E.  Boo- 
qu»r><l,  wbich  bw  nfereoce  to  th»  piVMiLl  aubjcut,  and  ig  in  the  followiug 
wonU.  "  If  wc  reflect  that  the  mrtli  U  enoompawnd  by  d  mass  of  air,  equi- 
raleiit  in  weight  to  a  larn  ormnTciirr  of  30  inphM,  we  may  inquin^  whi::th<>r 
ncli  Kniauofma^etfC|j:u,coiitiniinnja^taWand  "abmittcd  tolbcro^Cidar 
aod  iminilnr  nuiatioas  of  pmaHmand  tompflTature,  doea  not  intervoDe  in  xotnn 
of  thephasaainvna  do pcadmit  on  to matrial  DiagDotimn.  If  woealculate  ■□  fact 
vliAt  U  tlio  tnAjtnotii::  rorr^  i^f  tlii*  Huiil  niiw,  wo  ttoil  tiin-t  it  iti  ('(juiralviit  ttt 
animnicnaeiilauof  intn,  of  aihicki)iwiu]Jt(leiiii>TiMhaii-,'4i.h  ufu  millimetre 
of  diaautlnr  (P),  awl  whioh  covnn  Iha  wliulii  tuirfncn  uf  tho  g'lohe."  TtiU 
faata^tv  u  at  pp.  341,  843,  of  vol.  xxviii.  Aiinalvo  d^  C'bimiv,  1650,  lieiti; 
contaiaed  ia  an  eacell«nt  nitnnoEr,  in  vrhicli  tlin  aulbor  hat  irrll  wotkiid  out 
thou  diAronliaJ  actinu^  ofditKtrent  inodia,  whiirb  I  UpvgIqjhmI  ^nemllyjifiw 
;8«n  ago:— ExjMiriiDental  ICedcarcbw,  2307.  2  >Q1.  3400.  2114.  ^123.  &c.  Uy 
nch  oiMna  he  has  rrducovrn-tl  thr  niit^rniMi^  chnrnirk-r  (if  oxygen  and  laVfU 
n«aKUrf  monta  of  its  force,  bping  eTidimtly  unaci^tiainted  tritb  llie  otreuuiit  tbat 
I  pnv«of  this  BuWutccin  n-btioatonitrog^enKidotbcr^aaM^VMywira  hko, 
aalctu-ipabtiah«dintb«  PhiIo*ophical  Magniiiia  for  1B47.  vol  xud.  p.  401, 
and  «1m  in  FoggvadurlTa  AnnalL'D  and  eleewliorc;— benn*  the  olMcrvnltom 
ahoTA.  I  cannot  vondcr  at  ihw,  for  [  in_>Wf  wiu  nut  aware  of  AL  E,  lioo- 
qucnrs  paper  iiotil  lerj  hitclf.  In  in/  lottrr  of  1847|  I  sftenii  of  oxygen  at 
being  ma|n>et>c  in  canunon  air,  p,  410  :  in  curhou'tt  acid,  p.  411;  In  coal  giuy 
p.  416;  in  hydropen,  y.  4l->,  Jta  pow«r  tb«n  b«iii;  equnl  to  ibi  gravity.  I  nay 
that  air  owm  ita  plac-o  to  tho  oxypco  and  Ditroj^va  in  il,  p.  410,  and  tried  to 
MparatelbeaecooatituiMiUby  alunrliiii^  ttm  oxygen  and  rapelling  lh«  nitiugea. 
Atth«iuidofchopap«r  I  hl»itatl^ill  dnciiliog  n-h«iii  the  truotcro  b«tWMnmag- 
avtic  and  dtnma|ra«lic  bodica  is  to  he  placed,  and  rufor  to  tli«  atmospban  aa 
haog  liable  to  alTiKtiona  under  tlio  luajrnutii!  lofluenco  of  thie  earth.  It  VM 
tbcae  old  iMttlta  which  kd  mo  ou  to  tba  prowat  reaearchot.    M.  F.— Nor.  S& 
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sical  chftnges  in  n  high  degree,  bj  annual  and  diuraal  Fariationi, 
in  its  relation  to  tbe  siiii,  witliout  bein^  [lersunded  ibut  it  must 
have  mucli  to  do  iritU  X\\t  dispotition  of  the  ma^etic  forces  upon 
the  surface  of  tbe  earth  (SrytJ.),  and  may  perhaps  aecount  for  & 
lar^c  piirt  of  the  ntinvinl,  diurnal  and  irrrgtilar  vnriutionii,  fur 
iihitrt  jinriorI«,  which  arr;  foun<l  lo  occur  in  relation  to  that  power. 
I  ciutnot  pretend  to  disrti^a  this  great  ({ucstion  with  much  un- 
derstnudiuK,  HCeiiig  that  I  have  very  hltle  of  that  special  know- 
ledge which  has  been  aceumulalcd  by  the  exertions  of  tbe  great 
and  distinguished  labourers,  Humboldt,  Hanstcen,  Aragxi,  Gausa, 
Snbiue,  and  many  others,  who  have  wrought  so  Eoalously  at  ter- 
restrial niagiictism  over  the  surface  of  the  whole  earth.  But  aa 
it  has  falica  to  my  lot  to  iutrodacc  certain  fundamental  physical 
faets,  and  as  I  have  naturally  tlioiijibt  mueh  upon  the  general 
priuciiilfs  which  tend  tocstablish  tlieir  relation  lo  the  magnetic 
actions  of  the  atmosphere,  I  may  be  alloiml  to  state  these  prin- 
ciples as  well  as  I  can,  that  others  may  be  placed  in  [KMscssion 
of  the  itubjeet.  If  the  principles  are  right,  they  will  soon  Gail 
their  special  application  to  magnetic  plKciiomona  aa  they  occur 
at  various  parts  of  the  globe. 

28-18.  Tlie  earth  present*  xa  with  a  spheroidal  body,  vliich, 
conaistlng  of  both  paramagnetic  and  diamagnctic  snbfitances, 
dispnacd  with  much  irregularity  as  rcgnrda  its  large  diviMona  of 
earth  and  ocean,  arc  also  ctmally  irregularly  disposed  and  inter- 
mingled in  its  smaller  portioun.  Nevertheless  it  is,  on  the  whole, 
a  magnet,  and,  ns  far  a«  we  at  this  moment  arc  concerned,  an 
original  snuree  of  that  power.  And  though  we  cauuob  conceive 
at  present  that  all  the  partieks  of  the  earth  coulnbute,  as  sources, 
to  it9  mngnctiam,  inasmuch  as  many  of  them  arc  diamagnetic, 
and  many  uon-conduetoi-s  of  electric  currents,  yet  it  is  ddlieult 
to  say  that  any  large  portion  is  not  conccrm-d  in  the  production 
of  the  force;  hereafter  it  may  he  iieiHrssaiy,  p-:i-hiips,  to  consider 
certain  parts  as  mere  conductors,  i.  e.  as  parts  merely  permeated 
by  tlic  lines  of  force,  originating  elsewhere,  hut  for  tlie  present 
the  whole  mny  he  assumed,  aceunltng  to  the  thcor)'  of  Gauss,  aa 
a  mighty  comiiound  magnet. 

yfHa.  The  magnetic  forrc  of  thin  great  system  is  disposr<l  with 
a  certain  degi-ee  of  regularity.  We  have  llic  opportunity  of  rc- 
coj^nising  it  only  as  it  is  exhibited  in  one  shell  or  surface,  which, 
hcing  vcr}'  irrcgnlor  in  form,  is  always  the  same  to  us,  for  we 
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rarely,  if  ever,  pass  out  of  it ;  or  if  we  do,  as  in  a  bfJloou,  only 

to  an  inaensible  extent.     This  is  the  surface  oF  the  enrth  and 

water  of  our  ptniiet.     The  ma^iielic  lines  of  furec  which  po^is  in 

or  acrots  t/ii*  surface  arc  made  known  to  us,  as  r»tpw:t»  tlieir 

lirectioD  and  intcoiiitr,  by  tbcir  action  on  snisU  standnrd  mag- 

icta;  but  their  avcmfje  course  or  their  temporary  Tariations 

fi^/ow  or  abtiVf,  \.  e.  in  the  air  above,  or  tlie  earth  beneath,  are 

only  dimly  indic-ited  by  variations  of  the  fiirre  at  the  surface  of 

the  cartb.  oucl  tlicw:  variations  arc  so  limited  in  their  infannation, 

that  ibey  do  nut  tell  uh  whether  the  cauac  ia  above  or  bt-loir. 

St$50.  Tlic  lines  of  force  issue  from  the  earth,  in  the  northern 
and  soutbcro  parts  with  different  but  eorrespondiug  degrees  of 
inclination,  and  incline  to  and  coalesce  with  each  other  over  the 
equatorial  parts.  Tlicir  grncral  disposition  is  represented  by  the 
system,  wbieh  cmnuatcs  from  u  gluljc  having  within  one  or  two 
ebort  ma^imcts  adjusted  in  relation  to  the  nsi^.  There  nccms 
reason  to  believe,  from  the  analogy  I'f  such  gInlK's  Ut  the  earth, 
that  (he  lines  of  magnetic  foi-ec  whieb  proceed  from  the  earth 
return  to  itj  but  in  tlieir  circuitous  course  tliey  may  extend 
thrt)ngh  spaer  to  a  distance  of  many  diameters  of  the  earth,  to 
tens  uf  thousands  of  miles.  Alcasrs.  Gay-Lussoc  and  Biot,  in 
their  ascent  in  n  balloon,  perceived  some  indication  of  a  dimi- 
nution in  tbe  intensity  of  the  magnetic  force  ut  a  height  of  about 
funr  miles  from  the  snrl'aec;  but  we  shall  shortly  pcrceivn  that 
tliey  might  be  at  the  time  in  the  midst  of  influences  snfbnrnt 
to  aceoani  for  all  the  clfect,  so  tlut  none  of  it  might  be  occa- 
sioned by  removal  from  the  earth  as  a  mngnet.  The  increase  of 
tlie  intensity  of  Ibc  magnetic  force,  as  wc  proceed  from  the 
cqtmtor  towards  the  poles,  aoeords  nith  the  idea  of  the  enor- 
mous  extension  of  this  power. 

2851.  Tlieje  lines  proceed  through  space  with  a  certain  de- 
gree of  faeility,  of  which  a  general  idea  may  be  gained  from 
ordinary  knowledge,  or  from  experiments  and  observations  for- 
merly made  {Z7S7.).  Whether  there  arc  any  cireumstanres 
which  can  affect  their  parage  thrangb  mere  B|mco,  and  so  cause 
variations  in  their  condition ;  whether  variations  in  what  has 
been  called  the  temperature  of  spaec  could,  if  they  occurred, 
alter  its  power  of  transmitting  the  luaguetic  indueucc,  areqiies. 
tiona  which  cannot  be  answered  nt  present,  although  tlie  latter 
does  not  seem  to  be  entirely  beyond  the  reach  of  experiment. 
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2853.  Ibis  space  forms  tlic  gT«st  abyss  into  which  auch  lines 
of  forc«  as  vra  arc  able  to  take  cognizance  of  by  our  obeerriog 
iiist  rumen  Is,  wliiuh  issue  from  the  earth,  proceed,  at  least  at  all 
parts  of  the  globe  where  there  is  a  sensible  dip.  IJut,  an  it  were, 
iKtwecn  the  earth  and  ibis  apace  there  is  interposed  the  atmo- 
aplicrc;  which,  however  considerable  wc  may  estimate  it  in 
height,  in  so  ftmall  when  cnm]Kiretl  to  the  size  of  the  Mirth,  or  to 
the  extent  of  apace  beyond  it  into  which  the  lines  of  force  pass, 
that  the  idea  of  its  being  a  ebanReablc,  active  something  inter- 
posed between  two  syitlcms  fiir  more  extensive  and  Mtt-ady  iu  their 
nature  and  conditioa,  will  not  lead  to  any  ecrioiw  error.  It  is  at 
the  bottom  of  this  atmosphere  that  we  live  and  make  all  onr 
inquiries,  whether  by  observation  or  cxperinieut. 

28iV3.  The  atmosphere  consists,  as  far  a»  we  are  concerned  at 
present,  of  fmir  Tolunics  of  nitrogen  and  one  volume  of  oxygen, 
or  by  weight,  of  three  and  a  half  parts  of  the  former  and  one 
part  of  the  latter.  These  substances  are  nearly  uniformly  mixed 
throughout,  so  that,  as  regards  their  manner  of  investing  the 
earth,  tbcy  act  mBguetically  oa  a  single  medium ;  nor  does  there 
aecm  to  be  any  tendency  in  the  tcrre»tiul  mu;;netic  forces  to 
canae  their  steparation',  though  they  differ  very  strikinK'j'  '" 
tbeir  constitution  as  regards  this  power. 

2854.  The  nUrogen  of  the  iiir  does  not  appear  to  be  cither 
paramagnetic  or  dianiagnetie;  if  removed  from  zero,  in  either 
of  tlieM?  respects,  it  is  only  to  a  Tcry  small  extent  (2783.  278^.). 
Whetlier  dense  or  rai-c,  it  ban  appurcutly  the  same  relation  to 
and  equality  with  upacc,  as  far  as  the  present  means  of  obser- 
vation have  proceeded.  As  respects  the  other  element  of  cbanj^, 
namely,  temperature,  I  concluded,  from  former  imjjcrfeet  expe- 
riments', that  nitrogen  became  more  dianiagnetic  when  licatcd 
than  before;  but  os  it  was  then  mixed  witli  the  oxygen  of  the  air, 
nnd  the  rcRults  were  mingled  together,  I  have,  for  the  purposes 
of  the  present  research,  repeated  the  experiments  far  more  care- 
fully. 

2855.  A.  small  helix  of  plutinum  wire,  fixed  at  the  end  of 
thicker  copper  wires,  could  be  piaecd  in  nnj-  position  beneath 
the  poles  of  the  gr^at  electro-magnet,  and  being  ignited  by  a 
voltaic  battery,  served  to  raise  the  temperalure  of  the  gas  around 
it.     The  magnetic  poles  were  raised;  were  terminated  by  henii- 

'  PLilwMipbical  MagiaiiiL.,  1M7,  vol.  xixi.  p.  410.  »  lUd.p.  418. 
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Kpberea  of  sort  iroa  0*76  of  &n  incb  in  diameter  and  0'3  of  an 
inch  apart;  and  were  covered  by  a  glass  shade,  resting  upon  a 
thick  flat  bed  of  Tulcatiizcd  caoutchouc.  A  tube  pansctt  through 
the  bed,  rising  up  to  the  top  of  thoshadcb^vhicb  anjrrtjuircd 
gas  could  be  introdurtM).  A  very  thin  plate  of  mica,  about  3 
incb«  square,  was  covered  with  an  attenuated  coat  of  wax  on 
the  upper  aide,  and  fixed  horizontally  over  the  magnetic  poles 
within  the  sliudc.  The  small  platinum  helix  was  so  placed  aa  to 
be  beneath  the  space,  between  the  \yo\(»,  and  a  little  on  one  side 
of  the  axial  Udc,  so  that  a  current  of  hot  air  rinicg  upwards  from 
it,  could  pass  to  the  mica  plate,  and  by  melting  the  wax  show 
wkere  it  came  against  the  mica. 

S8&0.  All  acted  exceedingly  well,  air  being  in  the  glasn  shade. 
liVhcD  there  wna  no  Toagnctic  power  on,  the  hot  air  from  the 
ignited  helix  roavs  pcrpciulicularly,  and  melted  a  neat  round  por- 
tion of  the  wax,  showing  the  place  of  the  cnrrent  under  natDral 
circumtitaurcM;  but  when  the  magttct  wu  thrown  into  action, 
then  the  wax  on  the  mica  remained  uncha)i<;cd,  the  hot  atr 
being  thrown  so  far  away  from  the  axial  line,  and  m>  cooled  by 
its  forcible  mixture  with  the  neighbouring  air,  aa  to  be  unable 
to  inch  a  Bjtot  of  wax  anywhere.  The  moment  the  magnetic 
power  was  euspeuded,  the  column  of  hot  air  rose  vertically  and 
regained  ita  original  position. 

2867.  Carbonic  acid  gaa  was  then  scat  into  the  shade,  until 
twice  as  much  as  the  cODtcutsof  the  shade  had  pasted  through 
the  pi|)C  (385o.) ;  but  ns  it  was  hcnvy  and  the  common  air  coidd 
maltc  its  way  out  only  at  the  bottom  of  theshadcj  there  was  no 
doubt  air  mixed  with  the  carbonic  acid,  which  at  last  remained 
abtmt  the  poh-s.  The  platinum  coil  beiii^  now  buatedj  the  co- 
lumn of  hot  goK  rose  vertieally,  as  before.  Ou  putting  on  the 
mngnelic  force  it  wna  dolleetcd  from  the  axial  line,  passing  c^ua> 
torinlly,  and  melted  the  wax  about  half  an  inch  off  frcwn  tho 
former  place.  Believing  that  even  this  effect  might  be  due  to 
the  air  mingled  with  the  gns,  other  two  volumes  uf  carbonic  acid 
gas  wore  directed  into  and  through  the  vessel.  AHer  this  tho 
m&gnctic  force  caused  much  1es»  deflection  of  the  rising  ct)lumu. 
Two  volumes  more  of  carbonic  acid  were  sent  tbrougli,  and  now 
the  hot  current  of  gas  rose  so  nearly  vertical  thnt  there  waa 
scarcttly  any  sensible  difference  of  itii  place  when  tbc  magnetic 
power  VM  in  fidl   actioD^  or  vhcii  it  was  entirely  abeent. 
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Hence  I  condudc  tUat  carliouic  acid  gas  is  very  litttc  afTcctcd  in 
its  diRmiigTictic  relations  Ijy  a  ditt'erpnce  of  temporatiu*c  cjaal 
to  that  bctwren  nutural  tcmpcratiircs  anil  a  full  red  Jieat. 

2858.  Nitroiffn. — ^TUi*  gas  was  prepared  by  passing  rominon 
air  elavrlr  over  burning  pliooplioriis,  and  after  beiu^  wiufbcd  for 
twelve  or  fourtecu  bourn,  was  scQt  into  tbc  shade  so  as  to  diepluco 
the  carbonic  acid.  As  it  was  lighter  than  the  latlvr,  it  per- 
formed thnt  service  very  well,  and  the  portion  reniaitiiug  in  the 
vessel  probably  contained  im>  ntlirr  oxygen  or  air  than  that  it 
carried  iu  vith  it.  I'his  nitrogen  being  ibcD  heated  by  tlic 
platina  coil,  was  almost  as  iiidiilcrcut  to  the  magnet  na  the  car- 
bonic acid.  The  heated  coluuin  rose  {nearly)  to  the  same  ap<>t 
against  the  mica,  whether  the  lu^iguetie  powt- r  was  aetiTC  or  not. 
It  went  oiitnardit  or  cfjtiatorially  a  very  sinall  degree  when  the 
magnet  wa»  aetive,  but  this  I  atlribiited  to  a  little  oxygen  still 
left  with  thcnitroRon;  and  indeed  nitricoxidega* shows  oxygen 
in  nitrogen  so  prepared.  The  plstinn  oiiil  was  raised  to  as  high 
a  tein|H.-ratun^  as  it  eoiild  well  support  without  faslon,  and  yet 
there  was  only  lliis  small  effect  sensible  :  licuet:  I  uoiiclude  that 
hot  uitro<^n  is  noi  more  diainagnel  ic  than  colli  nitrogen,  and  that 
indeed  its  magnetic  relation  is  □owa^'s  affected  by  such  change 
of  tcmperat  ure. 

2859.  I  raised  ihe  French  shade  (2855.)  an  inch  for  a  moment, 
and  then  instantly  pUu'cd  it  duwn  again ;  and  now,  mi  making 
the  magutl  active  aud  the  coil  hot,  there  waa  so  uiuch  effect  of 
dii-persioi)  of  the  gas  witliin,  that  tlie  melted  input  of  wax  ap> 
peai-cd  Dearly  an  inch  outside  of  the  etandard  place,  yet  only 
a  very  small  portion  of  nir  or  of  oxygen  could  have  entered  the 
vessel  under  these  cirntimstances. 

2800.  The  nitrogen  of  tbc  air  ia  tberefore,  as  regards  the 
magnetic  force,  a  very  indiiFerent  body ;  it  Am*  not  appear  to  bo 
either  paramagnetic  or  diamagnetic;  neither  does  it  present  any 
difference  iu  its  relation,  whether  it  he  dense  or  rare,  or  at  high 
or  low  teroperatnres.  T  formerly  fonnd  that  llie  dianiiuiiietic 
metals,  when  heated,  did  not  seem  to  change  in  their  rclnliou  to 
the  magnet  (2397.),  mud  this  now  appcant  to  be  tbc  caAO  witb 
neb  neutral  ordiamagnetic  bodies  a.i  nitrogen  and  carbonic  acid 
gases. 

28G1.  Tkeorygenoi  tbc  air  differs  in  a  most  extraordinary 
degree  from  the  nitrogen.     It  is  liigbty  paramagnetic,  being. 
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btdk  for  bulk,  equivulent  to  a  solution  of  protosulpliftte  of  iron, 
contaiuiug,  of  the  crystallized  salt,  seventeen  times  the  weight 
of  the  oxygen  (2791.).  It  becomes  less  paramagnelic,  volume 
for  volume  (2780.),  as  it  in  rarffiedj  aud  appareully  in  tlie  sim- 
ple proportion  of  its  rart- faction,  the  tcmperuture  remaiuing  the 
same.  When  its  temperature  ia  raised,  the  espaneioa  conse- 
quent thereon  being  permitted',  it  loses  very  greatly  of  it«  para- 
magnetic force  J  and  there  is  sutfieient  reason,  from  a  former  re- 
sult with  uir%  to  conclutle,  that  vhen  its  temperature ut  lowered 
its  punimngnctic  <Mnclition  is  exaltrd.  How  much  ita  paramag- 
netic intensity  mif^ht  hciucrcasrd  hy  lowering  it  to  the  tempera- 
ture of  freezing  mcrcun*,  as  at  the  north  or  south  poles  of  the 
earth,  nc  coimot  at  present  tell.  Though  agas,  it  inapparently 
like  the  solid  metals,  iron,  nickel  or  cobalt,  when  they  are  williiu 
the  range  of  temperature  which  afl'ccls  their  mugnetic  forces; 
and  it  may,  perhaps,  like  them,  riKcby  cooling  to  u  very  high  »tatc. 
3863.  These  relations  it  preserves  when  mingled  with  nitrogen 
in  the  air,  as  long  as  ita  phyKienl  and  chemical  conditioua  remain 
unchnjiged  ;  but  it  is  not  irrelevant  to  remark,  that  ereiy  opera- 
tion by  which  this  active  pnrt  of  the  atmosphere  changes  in  its  na- 
ture and  pn«&c8  into  combinations,  takes  away  its  paramagnetic 
powers,  whether  the  result  he  solid,  liquid  or  gaseous. 

2863.  Hence  the  ntmosplicrc  is,  in  iX)mmon  phrase,  a  highly 
^^Miagnetic  medium.     The  air  that  atands  upon  every  square  foot  of 
^^Kirfaceon  the  earth,  is  cc[uivalent,  in  mngiietic  force,  to81(jO  Iba. 
V      of  cryatalliaed  protosulphatc  of  iron  (279*.  2«61.).     Tliia  me- 
dium is,  by  every  change  in  its  density,  >vht'tlier  of  the  kind  in- 
dicated by  the  barometer,  or  caused  by  the  presence  or  absence 
of  the  aun,  diaugcd  iu  itfi  magnetic  relations.     Further,  every 

I  variation  of  temperature  produces  apparently  ita  own  change  of 
force,  in  addition  to  tlint  caused  by  the  mere  expansion  or  con- 
traction  in  volume,  and  none  of  these  nttcrationa  can  happen 
without  affecting  the  magnetic  force  emanating  from  the  earth, 
and  eitusing  variations,  both  in  its  iutciiKity  and  direction,  at  the 
earth's  surface.  Whetlier  these  changes  are  in  the  right  direc- 
tion and  BufEcient  in  quantity  to  supply  a  cause  For  the  variations 
of  the  terrestrial  magnetic  power,  is  the  point  now  to  be  COD- 
tidcrcd,  for  the  illustratiou  of  which  I  will  endeavour  to  construct 
'  i'liilosc^rfiiiai  Atftgazine,  1847,  vol,  xxzi.  p.  417. 
'  Hid.  p.  400. 
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a  type  case,  and  thou  Apply  it,  as  veil  a»  T  can,  to  the  mktoTBl 
facts. 

28G  t.  Let  ua  assarae  tho  existence  of  two  globes  of  air  di- 
stinct from  the  Burrounding  atmospUerc,  by  a  ditfcrcnc«  of  tcm- 
peraluro  or  by  a  difference  of  density :  the  assuoiption  is  not 
too  extravagant  for  lui  illustration,  since  Prout  showed  that  tlicre 
were  masses  of  air,  larger  or  smaUer,  floating  abont  in  tlic  atino- 
apbcrc,  and  singularly  ilistiuct  from  the  surrounding  parts,  by 
tempcratttrc  and  other  circuiuslaacca.  Not  to  coraplicato  the 
cxpppi«ion,  vc  will  leave  out  of  view,  at  prcapiit,  the  attetiuatiou 
npwarda,  and  will  consider  one  of  these  globes  as  colder  or 
denser  than  the  contiguous  parts,  and  that  it  is  in  a  portion  of 
Bpace  nhicli  without  it  would  prnat^nt  a  licld  of  equal  magnetic 
force,  i.  e.  hariug  paruJIcI  lines  of  ci^aai  iutcaaity  of  force  pus- 
ing  ucroaa  it. 

2865.  The  air  of  such  a  globe  vill  /aeitiiate  tho  tHuuiiUBsioa 
of  the  msguctic  for(%  through  the  spsce  which  it  occupies 
(2807 .)f  makint(  it  superior,  in  that  respect,  to  the  surrounding 
atmosphere  or  space,  and  ihci-efore  more  Uiica  of  magnetic  force 
vill  pasd  through  it  than  eleswhcre  (;2809.).  The  dispottition  of 
these  lines,  in  respect  of  the  Hno  of  the  dip  of  the  place,  wiU  bo 
soniethiug  like  what  is  reprcseuted  iu  fig.  7  {2874.),  and  con- 
sequently the  globe  will  be  puUriised  as  a  conductor  (2421.  2822.) 
of  the  paramagnetic  claea.  Hence  the  intensity  of  the  magnetic 
force  and  its  direction  will  rary,  not  oaly  within  but  without  the 
globe,  and  thrsc  will  vary  in  opposite  dirct^tions,  in  different 
places,  uuiliT  the  iullueuce  of  Inws  which  are  pecfectly  regular 
and  well  known. 

2SGG.  First,  as  regards  the  wietuUy,  which  before  was  uuiform 
(98€-k).  If  the  iutcnsity  is  to  he  considered  as  expressing  the 
amount  of  foi'ce  wbieh  passes  through  any  given  place,  then,  in 
consequence  of  the  detiuite  amount  of  power  which  belongs  to 
any  section,  a«  a  a,  of  a  given  amount  of  lines  of  magnetic  force 
(2809.),  a  concentration  of  these  lines  towards  the  middle,  P, 
will  caUF<c  an  increase  of  intcni-ily  at  that  part,  oud  a  diminution. 
at  some  other  parts,  as  ^ft  £,  fi'om  whence  the  iiit^neuce  of  the 
power  has  been  partly  removed.  Ilcnce,  supposing  the  normal 
condition  to  exist  st  a.  if  a  tc»t  of  inttnaity  were  carried  from 
a  to  P,  it  would  gradually  enter  parts  A  and  c,  iu  which  the 
intensity  was  less  than  the  uonual  condition,  aud  these  might 
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be  either  without  or  within  the  globe  P,  or  both  (according  to 
its  temperature  relative  to  the  stirrounding  air,  its  size  and  other 
drcumstances) ;  it  would  tlien  arrive  at  parts  having  the  normal 
intensitj;  and  lastly,  at  parts,  F,  haTing  an  intensity  greater 
than  the  surrounding  space;  as  it  went  outwitnlsj  on  the  op- 
po«itc  side  of  P,  corresponding  variationa  would  occur  in  the 
rererte  order. 

3807.  On  transporting  the  test  upwards,  in  the  direction  of 
the  dip  from  e,  where  the  inlcusity  may  he  considered  as  nor- 
mal, it  would  gradually  occupy  pofiitloas  at  /  y,  Sic,  in  which 
the  intensity  would  increase  until  it  arrtred  at  P,  after  which 
it  would  pas4  through  places  of  less  and  1cm  intensity,  uutil  at 
p  it  would  ngnin  find  the  force  in  the  normal  state.  If  the  test, 
in  being  earried  upwards,  be  not  taken  along  the  fine  of  the  dip^ 
thru  it  will  uf  course  pa»s  through  variations  like  those  described 
on  the  liuo  a  V,  growing  more  and  more  in  rxteut  until  the  di- 
rection coincide  with  the  line  a  V,  which  is  at  right  angles  to 
the  dip  and  where  they  are  at  a  maximum.  Hence,  to  psss  np- 
warda  through  such  a  globe  of  cold  air  iu  our  lalilude,  where  the 
dip  is  7(f  aearW,  and  at  the  cqiuttor,  where  it  is  0°,  would  be  a 
very  different  matter,  and  the  iirccisary  natural  results  of  such 
B  difference  ought  to  appear  hereafter. 

2868.  But  a  magnetic  nc«llc  or  liar  is  not  a  test  of  sneh  in- 
lensiiy,  i.  e.  it  will  not  tell  thesf?  differences,  or  it  may  tcU  them 
in  a  eontrnrj-  direction.  To  ntiilerstand  this  point,  we  hare  to 
consider  that  a  noodle  Tibmtcs  by  gathcriug  upon  itself,  Ixicnuse 
of  its  mnguctic  condition  and  polarity,  a  certain  amnunt  of 
the  Iinc«  of  force,  which  would  otherwiijc  traverse  the  space 
libout  it ;  and  assuming  that  it  underwent  no  ehange  hy  change 
of  tempcratiuv,  it  would  be  affected  in  proportion  to  any  variations 
in  the  inlnisity  of  these  lines,  provided  everything  else  remained 
the  same.  Hut  being  under  natural  circumstanees  surrounded 
by  the  atmo«pbcrc>  which  is  a  medium  liable  to  variation  in  its 
nuf^ctie  condition,  both  by  heat  and  rarefaction,  and  by  tbcs6 
variations  affects  the  intensity  or  quantity  of  the  the  force,  it  will 
Tory  in  its  indications  by  variatious  iu  these  conditions.  Thus, 
for  iostanoe,  if  it  were  in  a  large  sphere  of  oxygen,  I  CKpcet  that 
it  would,  by  it«  number  of  vibrations  or  otherwise,  indicate  a 
certain  inlemiity  ;  if  the  oxygen  were  expanded,  that  it  would 
indicate  a  higher  iutensity,  although  the  same  amount  of  lines 
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of  force  and  magiietic  energy  were  passing  througb  the  oxygea 
iw  before.  If  the  oxygen  were  made  dcmc,  tben  becoming  a 
better  conductor,  I  presume  it  would  convey  onwards  more  of 
the  force  and  the  mngnet  leas,  for  the  power  would  be  partly 
trnnttferrcd  from  Ibc  uuchangiug  mogDet  to  tbe  improving  cou- 
dnetor  arniuid  it. 

28/19.  I'hcsc  experiments  can  hardly  be  made  iritli  oxygen 
except  by  means  of  extremely  delicstc  apparatus,  but  like  effects 
are  easily  shown  experiment  ally  in  selected  analogous  cases. 
Tbua  let  n  thin  small  tube  nf  Hint-glaKi,  about  t  iuL'h  long  and 
^  an  inch  in  diameter,  lie  filled  with  a  saturated  solution  of  pro- 
t<i»ul|itinte  uf  iron,  and  siis|»-iicled  boriisontally  by  coeoon-ailk 
{'^27*J.)  between  tbe  polea  of  tbe  electro-magnet,  in  a  vessel 
which  may  cither  contain  air  or  water,  or  other  media  (2406.) . 
In  air  it  will  point  axially,  and  will  bo  analogous  to  a  needle 
uudprthecnrtli's  tutlueuct?,  and  it  will  point  vitliQcertJiin  amount 
of  force.  Pill  the  tcsscI  with  water,  and  now  it  will  point  with 
more  force  than  before,  tliongh  the  water  is  a  worse  magnetic 
conductor  than  the  air  which  was  prcnously  there ;  and  it  ia 
precisely  because  the  water  (>  a  worse  conductor  that  the  liquid 
magnet  or  tcjil  indicates  more  power.  Inorease  the  conducting 
power  of  the  surrounding  medium  by  adding  sniiihate  of  iron  to 
it,  nndtlkirindieation  of  strength  by  the  tube  goes  on  dimiutsluug, 
fin<t  returning  to  the  degree  of  power  it  bad  in  air,  and  then 
descending  to  lower  gradations,  for  it  rctunw  with  less  and  less 
force  to  ita  aiial  poxition  when  disturbed  from  it.  So  the  mag- 
netic needle  employed  for  measuring  intensity  or  mi^ietic  force 
(forthefisme  meaning  is  at  present  understood  by  the  two  terms), 
indicates,  in  a  certain  nmnncr,  the  power  thrown  upon  itnelfj 
and,  1  conclude,  accurately,  provided  the  condition  of  the  sur- 
rounding medium  remains  magneticidly  unchanged  :  but  if  it  be 
placed  in  different  mudiii  or  in  an  altering  medium,  I  expect  that 
it  will  not  meaanre  accurately  the  intensity  in  them,  i.  e.  it  will 
not  measure  dirrctly  the  amount  nf  force  passing  relatircly 
through  them.  The  difference  in  air  under  different  conditions 
would  be  very  small,  still  it  is  that  difference  which  concerns  as 
in  atmospheric  magnctismi ;  and  it  is  very  important  to  know, 
whether,  when  the  magnet  indicates  an  increiised  intensity  of 
force,  it  is  altogether  due  to  a  real  increase  of  the  amnnnt  of  the 
power  at  its  source  as  it  comes  to  ua  irom  the  cartb,  or  in  part 
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to  n  chftiigo  io  the  magnetic  constitutioa  of  tlie  spAcc  around 
Hie  luagutt  hitherto  unknown  to  ns. 

2HrO.  If  what  w  nuvr  often  indiflcrently  called  nisgnctic  force 
or  iiiteneity  Iia%c  its  resultji  distinguLihctl  aa  of  twokinds,  uninely, 
those  of  (fuantity  and  those  of  tena'toa,  then  we  shull  more  readily 
com prvliend  thin  matter.  At  prci>cnt  a  ni^edleRhowii  both  tht-'BO 
ax  uiBgtiPtic  force,  making  no  distinctioa  hetwcun  them,  yai  they 
produce  cfl'octs  on  it  of^u  in  ojipualle  directious;  for  a«  they 
Incrca'ic  or  diminish  the;  both  alfect  tbc  needle  alike;  but  as  it 
is  assun]c«l  that  the  tension  can  change  wliilttt  the  quantity 
remnins  the  snmc,  and  the  quantity  can  be  nltcredj  yet  the  ten- 
sion remain  unnflectwl,  the  result  by  the  Tieecllo  will  then  bi* 
uncertain.  If  the  tenMon  in  a  fpTcn  region  be  increased  by 
diminishing  tbc  conducting  power,  the  needle  will  show  increased 
force;  if  it  be  incrcoMid  Ity  an  increase  of  magnetic  power  in 
the  earth  from  some  internal  action,  the  uecdlo  will  still  show 
iaereaaed  foree,  and  will  not  distinguish  tbc  one  cll'cct  from  ibe 
otber.  If  tlie  quantity  in  a  region  be  increased  by  increasing' 
tbe  condncling  power,  the  needle  will  «)iow  no  such  increase; 
on  the  contrary,  it  will  indicate  dimumtton  oE  force,  because  the 
tension  is  dimiuiabcd  ;  or  if  the  quantity  be  diiuiuishcd  by  dimi- 
nishing the  conducting  power,  it  will  show  increaat-d  force.  The 
force  might  even  to»c  in  quantity  and  gain  in  tension  in  Nucb 
prop(M'tion«  that  the  needle  should  show  no  change  ;  or  it  might 
gain  in  quantity  and  lose  in  tension,  and  the  needle  Ktill  be  cu- 
tirdy  iudiflerent  to  tbe  whole  result. 

2871.  If  my  view  be  correct,  then  tbc  magnet  is  not,  as  at 
present  applied,  a  perfect  measure  of  the  earth's  magnetic  force; 
for  that  may  not  change  when  tbe  magnet  by  the  iuQucnce  of 
tbc  different  couditionn  of  day  and  night,  or  of  summer  and 
winter,  may  show  a  difference.  Ilow/wr  tbrae  niicertaiutica  in 
ita  indication  may  affect  the  value  of  tbe  observation*  made  on 
the  hori)!onlal  and  vertical  componcntt  of  the  earth's  magnetic 
force  a»  indications  of  that  which  tbey  arc  expected  to  tell  us,  I 
do  not  know  ;  but  involving,  a»  the  effects  do,  two  verj*  different 
conditions,  namely,  variation  of  the  conducting  power  and  varia- 
tion of  the  amount  of  force  at  its  source,  the  one  ofw  bich  is 
chiefly  in  the  atmosphere  and  Ibc  other  iu  the  earth,  it  seems 
to  tni^  to  be  of  great  consequence  to  the  development  of  tbe 
theory  of  terrestrial  magnetisro,  to  have  some  method,  if  pos- 
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lible,  of  dutiu^iuBhiiig  these  tiro  points  or  effects  from  each 
other. 

2872.  Referring  again  to  the  model  globe,  fig.  7  (2874.),  it 
appears  to  me,  that  if  a  magtiet  be  used  as  the  intensity  test,  it 
will  iniHcate  a  less  iuleusity  at  P  rather  than  a  greater  ooc,  for 
the  verj-  ruason  ihiit  the  coiidiictiug  power  of  the  whole  globe 
hus  bceu  iucreuscd  ;  aiul  also,  though  the  apparent  diminution 
of  intensity  will  probably  lie  greater  there  than  elsewhere,  (hat 
the  effect  will  oecur  in  other  pnrts,  especially  those  on  the  right 
nnil  left,  niul  even  at  b  oiul  b,  vhere  the  puwer  transmitted,  in- 
b((^  of  being  more,  as  at  V,  ia  really  less  than  the  portion  trans', 
mittcd  ill  thu  normal  or  equable  etute  of  the  aiaffnt-tic  licld. 
With  a  diaranguetic  globe  of  air,  i.  e.  one  warmer  or  more  rare- 
fied  than  the  surruuiKling  fipjiec  (2877.),  though  it  would  convey 
less  power  as  bi-iug  a  wur«e  cunduetor,  still  it  should  cau»e  the 
magnet  to  t>ct  with  greater  force,  and  so  give  an  indication  <^ 
increased  intensity,  and  that  aUo  both  within  and  cquatorially 
without  the  globe. 

28*3.  If  it  be  true  that  the  changes  of  the  medium  (28C9.) 
ean  thus  afTivit  the  magnet,  and  that  Hueh  ehaiigia  can  rise  up 
to  n  sensible  degree  in  the  gases,  tl.cn  the  ma^ct  might  make  a 
dilTercnt  number  of  \-ibrationB  in  a  given  time  iu  oxygen  and 
nitrogen  g«8L»  of  the  same  demity,  for  they  are  very  different 
in  their  magnetic  relations.  It  should  make  the  greatest  num- 
ber in  nitrogen  ;  perhaps  a  delicate  torsion  balance  would  he  a 
still  more  scnitiLti:  test  uf  such  a  result ;  hut  it  is  probable  that 
the  space  around  the  needle  ithould  be  large,  and  it  would  be 
requisite  to  ascertain  that  the  two  media  opposed  equal  mecha- 
nical resUttsDcc  to  the  vibrating  needle. 

2874.  The  variation  of  the  direction  caused  by  the  typical 
globe  (2864.)  might  be  oblique  to  the  honxontal  and  Tcrtlcal 
planes,  niul  eoiisL-{]uciitly  give  results  of  declinatiou  and  inclina- 
tion, either  separately  or  together.  The  direction  would  not 
vary  in  a  central  line  parallel  to  the  general  dip  of  thcaurrouDd- 
ing  space  (fig.  7).  Along  auuther  ct-ntral  line  pcrpcuJicuIar  to 
this  (i,  e.  any  line  in  the  e(|Liatorial  plane),  a  P,  there  would  also 
he  DO  variation  of  the  direction^  but  iu  any  other  position  there 
would  he  variutious.  Thus  in  the  line  i  r,  as  the  free  mxdiu 
passed  from  i  to  k^  its  lower  end  would  be  carried  inwards  to- 
wards the  central  line  of  dip  P ;  thia  effect,  after  attaining  a 
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maiimnm,  perlisps  at  /,  would  gmdaally  dimmish  &giun,aiid  by 
the  time  tlie  ncodlc  bad  reached  r  the  dip  vrould  be  iiormiil. 

Fijj.  7. 
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Com»|Kmding  cfTccbi  irould  occnr  on  the  opposite  side  of  the 
airial  line  p  e ;  and  if  n  needle  be  considered  as  in  any  place  the 
dip  of  which  in  thns  affected,  and  then  he  coneeired  as  travelling 
in  a  (nn<le  round  the  axi:it  line  p  e,  it  would  always  be  in  the 
SurTacc  of  a  cone,  the  apex  of  which  is  below. 

S81^.  On  the  other  hand,  if  the  variations  of  the  dip  ImsIow 
the  equatorial  plane  a  P  be  considered,  they  will  be  equal  in 
■mount,  bat  in  the  Tcveme  direction,  so  tbnt  the mnjfnotic needle, 
when  dellcrted  from  its  normal  position,  would  have  it«  upper 
end  inelmcd  inwards  towards  the  axial  line  /)  e ;  or  if  moved 
round  ilie  axial  line  would  always  be  in  a  conical  surface,  the 
apex  of  which  ia  above. 

2876.  So  the  dip  would  varr  in  sueh  a  globe  of  air  in  every 
aztmatb  ;  and  it  would  also  vary  in  opposite  directions  in  the 
upper  and  tower  parts  of  the  globe,  and  of  the  affected  sur- 
rounding space. 

2H77,  3f  wc  assume  the  exist-       ^Jg-S- 
ence   of  another  typical   glolie   of     >-fTTfT>v 
air  (2XG-L),  having  a  higher  tern-  A\\        /?\ 
pcralure     than      the     surroundiug  A  ,       UN 

atmosphere,     then     its    condition  W      j         Uy'\ 
will  be  that  of  a  diaraagnctic  con-  \//       v/ 
ductor,  and  will  be  represented  by     ^~*-^j^^ 
fig.  9  (2807.) ;  and  it  will  have  power  toaffect  both  the  intensity 
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and  the  direction  of  ttic  lines  of  force,  in  confortnilv  witli  the  ne- 
tioii  of  the  former  globe,  but  in  the  contrary  order.  As  regarda 
the  action  of  these  glolwB,  consequent  \\\v.n\  the  direction  of  the 
lines  of  force  in  and  about  thciu  upou  u  ucudle  cumiog  withiu 
Uicir  iiiflueure,  it  mny,  in  part,  be  reprRSGiitcd  by  b  moj^et 
pUced  cither  in  the  direction  of  the  needle  for  the  cold  globe. 
Or  in  the  reverse  dirr<;tion  for  the  warm  one  ;  but  ax  the  line* 
of  force  of  the  i:ombiii(:d  system  of  the  earth  and  such  a  magnet 
are  very  differ«iit  in  their  nrrangcmcut  to  the  lines  of  the  earth 
affected  by  muwcs  of  warm  or  cold  air  having  only  conduction 
pohirity  (2820.),  it  would  he  too  much  to  »ay  tliat  they  corre- 
apond,  or  that  the  cftccts  on  the  inlcnsity  or  direction  would  he 
the  same  for  similar  distance  from  tUc  centre  of  the  globe  of  air 
and  the  representative  magnet. 


3878.  In  endeavouring  to  proceed,  from  these  hypothetieal 
tnd  compArativcly  simple  cases,  which  arc  given  only  to  lead  the 
mind  on  from  the  results  of  experiment  to  the  supposed  condi- 
tion of  matters  ns  regards  our  atmo«iiherc  nnd  ihe  earth,  we  luive 
to  consider,  that  though  there  will  be  an  effect,  and  though  the 
intcnwty  luid  direction  of  the  magnetic  force,  upon  the  Burface 
of  the  earth,  must  vary  with  changeii  of  temperature  and  density 
of  tlicntnio»|)here,  still  it  will  be  in  amauncr  very  ditTcrent  from 
that  represented  by  the  typical  glohe  of  air,  for  the  latter  itt  & 
ca&e  which  will  never  occur,  though  the  variationx  of  the  natural 
case  arc  uIiiiohI  infinite.  Still  tlieeom[tarisDu  holds  in  principle, 
and  tve  may  expect  that  as  the  aun  leaves  uh  on  tlie  west,  some 
effect,  correspondent  to  that  of  the  approach  of  a  body  of  cold 
air  from  the  east,  will  be  produced,  which  will  increase  and  then 
diminish,  and  he  followed  by  another  series  of  effects  sa  tlie  sun 
rises  again  and  brings  warm  air  with  him. 

2879.  The  atmoephcre  diminishes  in  density  upwards,  and 
that  diminution  will  affect  the  transmission  of  the  magnetic 
force,  but  as  far  as  it  is  constant,  the  eflcct  produced  hy  it  will 
be  constant  too.  The  portion  of  the  atmoaphere  which  lies 
under  the  heating  influL-uce  of  the  sun,  as  compared  to  its  depth, 
will  more  resemble  a  slice  of  air  wrapped  round  the  CArth  than 
a  globe.  Still  the  inflection  of  the  lincsof  force,  both  aborennd 
below  this  Btratuiu,  will  occur,  extending  into  space  above  and 
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into  the  earth  iKiicatb  {:2848.],acRordingtothe  kaotrniiifliietiDe 
of  noagnetic  power  and  its  perfectly  definite  chariicter  (2J*09.), 
Wc  arc  placed  at  the  bottom  of  llii:j  laver  of  air,  but  oa  the 
atmosphere  is  denser  there  thao  higher  up,  and  is  also  in  maoy 
eases  more  affected  there  by  changes  of  temperature,  we  are 
probably  in  n  position  where  the  inllections  aud  variattons  due 
to  die  awtiiined  causes  exiiit  in  a  oon)tiderabIe  degree. 

2880.  There  arc  innumerable  eirrumatanccs  that  Trill  break 
up,  more  or  less,  any  ^-ncral  or  average  urrongcment  of  the  air 
temperature,  For  instance,  the  diversity  of  mu  and  land  couaca 
v&riatiuna  of  temperature  differently  in  different  times  of  the 
year,  and  the  cxteut  to  wliii-h  this  goes  may  he  Icunied  from 
the  beautiful  isothermal  charts  of  Dove,  now  fortunately  to  be 
had  in  this  country'.  These  rariatinns  may  be  expected  to  give, 
not  merely  differences  in  the  regularity,  direction  and  degree  ol 
magoetic  variation ;  but  because  of  vicinity,  eJiffereneeg  so  large 
as  to  be  manifold  greater  than  the  mean  differenec  for  a  given 
abort  period,  and  they  may  also  cause  irregidarities  m  the  timca 
of  their  occurrence. 

2881.  On  considering  the  probable  results  of  the  magnetic 
action  of  the  atmosphere,  it  appoare  to  mo  that  if  the  tcrrcstial 
magnetic  force  could  he  freed  from  all  periodical  and  small  per- 
turlntioni,  and  its  dis|Hmtious  ascertained  for  any  given  time, 
it  might  Btill  include  certain  effects  euiistituting  a  part  of  utmo- 
fpheiic  magnetism.  For  instance,  there  is  more  nir,  by  weight, 
orer  a  given  portion  of  the  Burfacc  of  the  earth  at  latitudes  fi'om 
24*^10  31*",  than  there  is  either  at  higher  latitudes  or  at  the 
equator;  and  that  should  cause  adiETerence  from  the  dispositioa 
of  the  lines  of  forccwhich  would  exist  if  there  were  an  e^juality  in 
that  respect,  or  if  the  atma<iphcrc  were  atvuy.  Again,  the  tem- 
perature of  the  air  is  greater  at  the  equatorial  parts  than  in 
latituiles  north  or  south  of  it ;  and  as  elevation  of  temperature 
diminishes  the  conducting  power  for  magnetism,  bo  the  propor- 
tion of  force  passing  thruui^h  these  partJi  ought  to  lie  lesK,  and 
tliat  poaaing  tliruugh  the  colder  parts  greater,  than  if  the  tem- 
pcratorc  of  the  ai  r  were  at  the  same  mean  degree  over  the  whole 
surface  of  the  glolie,  or  than  if  the  air  were  away.  Again,  there 
is  a  greater  difference  iu  range  of  temperature  of  the  air  at  the 

■  R«pgrt  uFtli«  BriUab  A«N>cistios,  1818,  Beporta,  p.  SC. 
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equator  u  we  ri»e  upwards  tUau  in  other  parts,  aud  hence  the 
lower  part  is  not  so  good  a  conductor  proportionately  to  the 
upper  part,  or  to  space,  as  elsewhere,  where  the  difference  is 
rat  an  great;  the  magnetic  [wwcr,  therefore,  should  be  in  some 
degree  u*<-akeiie4l  there,  the  lines  of  force  beiiif;  diverted,  more 
or  less,  from  the  warm  air  uud  thrown  into  other  parta,  aa  the 
cooler  aliiiosphcrc  aud  space  aUuve,  or  the  earth  bcueath,  ac- 
cording to  the  prineiptca  before  explaiucd  (SHOB.  HHSi.  SW7.}. 


2883.  Tlid  result  of  annuai  varialion  that  may  be  expected 
from  the  magnetic  conetitution  and  condition  of  tlicatiuoi^pherc 
aeems  to  me  to  )»>  of  tiic  following  kind.  Assuming  that  tUc 
axis  of  rotation  of  the  earth  was  pcrpcadicular  to  the  plane  of  its 
orbit  round  the  sun,  aud  dismiKsing  for  the  present  other  causes 
of  mnguetic  variation  than  those  due  to  tltc  atmunphcre,  the 
two  hcmiapherta  of  the  earth,  und  the  portions  of  air  covering 
them,  would  be  affeeted  aud  warmed  alike  by  the  snn,  or  at 
least  would  coiue  into  a  constant  relative  stale,  depeudent  upon 
the  arrnugcnicnt  of  hind  and  water;  and  the  lines  of  magnetic 
force  having  taken  up  their  position  under  the  influence  of  the 
great  dominant  causes,  whatever  they  may  be,  would  not  be 
altered  by  any  nuuual  change  due  to  the  Btmosiiheru,  since  the 
daily  niCHii  of  the  atmoKphcric  effect  in  a  given  place  would  at 
all  parts  of  the  year  lie  alike.  I'ndcr  such  circumstances  the 
inteu»ity  and  direction  of  the  mugnclie  furccH  might  be  cou- 
aidcred  eotistunt,  presuming  no  sensible  change  to  take  place  by 
the  difference  in  distuuoe  from  the  sun  which  would  occur  in 
difTerent  parts  of  the  orbit ;  aud,  as  regards  the  two  mngnclic 
Itcniiaphercs,  each  would  1m;  the  equivalent  of  and  equal  to  the 
otlicr,  and  they  may  for  the  time  he  considered  in  their  mean  or 
normal  etatc, 

28t^.  llut  OS  the  axis  of  the  earth's  rotation  is  inclined 
23°  28'  to  the  plane  of  tlie  ecliptic,  the  two  hemisphcrea  will 
boeomea1tcniat<rty  warmer  aud  colder  than  each  other,  and  then 
a  variation  iu  the  magnetic  condition  may  arise.  The  uir  of  the 
cooletl  hciaisphere  will  conduct  magnetic  influcuco  more  frcelj 
than  if  in  the  mean  state,  aud  the  lines  of  force  paig^iug  through 
it  will  increase  iu  amount,  whiUt  in  the  other  hemisphere  the 
warmed  air  will  conduct  with  less  rcadiucaa  than  before,  and 
the  intensity  will  diminish.     In  addition  to  this  effect  of  tcm- 


Oct.  1650.]  Annual  variation  considered. 


286 


pcreture,  Uicre  ought  to  be  anotbcr  due  to  the  increase  of  the 
ponderable  portioD  of  the  air  in  the  cold  hemisphere,  conse- 
quent opoQ  its  contraction  nnd  tlic  coinridrnt  cxpan^tiou  of  the 
air  in  the  warmer  half,  lioth  of  which  circu  in  stances  tend  to  in* 
OTCMC  tbo  Tariatiou  io  puircr  of  the  tvo  hemispbcrcB  from  the 
normal  state.  Ilien  as  the  eartli  mils  on  in  it<i  anonnl  joumej^^ 
that  vhich  at  one  time  was  the  cuuIlt  b(.><x>mes  the  wnmier  hcini>  < 
sphere,  and  consequently  in  its  turn  ainka  *a  far  below  the  avo- 
rn^  mn^netic  intensity  as  it  before  had  stood  alioi-c  it,  vrhiUt 
the  other  hrmiHphcrc  changes  its  ma^;itctic  eooditioa  from  less 
to  more  intojxftc. 

3881.  As  the  snm  of  the  magnetic  forced  which  cropout  from 
the  eorlh  wherever  there  in  a  dip  on  one  tide  of  the  nuiguetic 
equator  most  correspond  to  the  sum  of  like  force  on  the  otlier 
side  (2809.  ]j  so  thej  would  not  become  more  iuteuEc  in  one 
hemi»phcrc,  or  more  feeble  in  tlic  other,  without  s  corresponding 
contraction  on  the  one  band,  and  eninrgeineut  on  the  other. 
The  line  of  uo  dip  round  the  globe  may  therefore  be  expected  tOj 
move  alternately  north  and  south  every  year,  or  nomc  effect  cqui- 
Talent  to  that  take  place.  The  condition  of  the  two  hcniiapheres 
oodcr  this  view  may  be  conceived  by  supposing  an  annual  un- 
dolatiou  of  tlte  force  to  and  tro  between  them,  during  which, 
though  neither  thp  character  nor  the  general  dispoxition  of  the 
power  be  altered,  there  is  in  our  wiuter  a  concctitration  and  in- 
cKttsc  of  intcusily  in  the  northern  parta  coincident  with  a  dif- 
fused and  diminished  intensity  in  the  south,  and  in  suouucr  the 
revcrso. 

2885.  In  respect  of  direction,  alterations  may  also  be  nntici- 
pntcd.  In  the  first  place,  and  nssuraing  that  the  niiigiictic  poles 
nnd  the  polra  of  the  earth  coincide,  ihr.  dip  would  increase  in 
the  cooling  hemisphere  towards  the  middle  and  polar  parts ;  but 
it  ought  to  diminish  towards  tliu  magnetic  eqiuitor,  to  accord 
with  the  Concentration  of  the  hemisphere  of  stronger  power  and 
enlargement  of  the  weaker  one;  whilst  on  the  otlier  hand  the 
dip  ought  to  diminish  at  the  polar  and  middle  parts  of  the  warm- 
ing  hemisphere  and  increase  towards  the  magnetic  equator. 
The  magnetic  equator  would  shift  a  little  north  and  south  of  its 
mean  place  during  each  year,  simultaneously  with  the  whole 
system  of  magnetic  lines.  Hut  aa  the  magnetic  poles  do  not 
coincide  with  thoBC  of  the  earth,  or  with  what  may  be  called  the 
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po]e«  of  the  changing  tcmpentturfiSj  so  k  cause  of  diOcrence  in 
direction  will  here  arise. 

2880.  Aguiu,  it  may  he  that  lu  ox^rgnn  is  cooled,  its  pammng- ' 
BCtic  power  iQuy  iucrc^uc  in  u  more  rn|)itl  proportiou  than  that 
of  the  cluD{^  of  tetaperatttre,  so  that  the  chief  alteration  of  the 
disposition  of  the  earth's  forec  may  bo  iu  the  catrtnic  northern 
and  southcrii  partjij  aut)  iu  coinhiiiutiou  with  the  hulJiiig  power 
of  the  cnrth  (3907.)j  nuij  even  cause  a  change  the  reverse  of  that 
cspc-ctisl  ahovc  in  lower  latitudes.  If  in  onr  winter  the  lines  of 
force  vcrc  to  close  together  in  the  polar  parts  and  to  open  out 
in  lower  latitiide^j  the  balance  of  magnetic  force  would  just 
well  be  sustiunnd  as  if  all  the  line^  in  our  hemisphere  were  to  be^ 
compressed,  and  strungthBtied,  aiul  !>e  compensated  for  hj  a 
correapondiug  chaiiKi;  in  the  south.  In  the  funner  case,  each 
hemutphcro  would  balance  its  own  forcus,  iu  the  latter  they 
would  be  bulauci'd  oguinst  each  other.  There  can,  I  think,  be 
no  doubt,  that  ns  fur  as  the  mas)!  of  the  earth  and  the  spauo 
above  our  atniospbere  are  unchangeable  in  relatiou  to  auuual 
and  diunial  ranatiou,  so  far  they  would  tend  to  restrain  any 
variation  Mhicli  might  iluprnd  ouly  on  the  vant'iiig  1cmi>cratiirc 
and  state  of  the  air;  holding  as  it  were  the  two  sides  of  the  va* 
riatioDH,  the  increase  and  diminution  of  intensity,  or  the  right 
and  left  hand  in  eh-inge  of  direction,  nearer  togpther  than  they 
otherwise  would  bi;. 

2887.  Further,  if  it  be  Hupposed  thnt  the  whole  of  a  hemi- 
sphere is  affected  at  oncf  iu  tlic  same  direction  by  change  of 
temperature,  it  will  not  be  affected  alike,  bat  difffrenify  in  dif- 
ferent latitadea,  because  of  the  difference  in  amount  of  that 
change. 

28H8.  'Hie  difference  of  land  and  water  (288(1.)  will  slill  fur- 
ther brcnl:  up  any  expected  uniformity  of  the  general  result,  and 
cause  that  certain  parts  of  the  cooling  hemisphere  ahall  incrcaso 
in  power  more  in  pruportion  than  other  iinri*  ;  and  when 
these  parts  lie  on  op|K)!titc  sides  of  the  magnetic  meridian  of  any 
given  place,  they  would  probably  have  power  to  cause  au  altera- 
tion in  the  decliaation  of  the  needle  at  that  place. 

288D.  Ah  the  annual  changes  of  t(.>m]>eniture  are  less  at  the 
ecjiiator  than  in  parts  more  north  or  south,  80  there,  probably, 
little  or  no  atmunl  varietion  would  ornur :  none  iuclccd  as  regards 
the  var^-ing  tcm^icraturc  or  expansion  of  the  air,  but  only  that 
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portion  wlicli  is  conBcqncnt  upon  the  alt«male  cliaagea  uf  tbe 
parts  ou  its  opposite  sidca  (2884.). 

^90.  Another  effect,  whicli  iiuiy  be  conitidcrod  as  an  annual 
variation,  but  irbich  is  connected  with  tho  diurnal  change,  may 
be  expected.  As  the  daily  change*  in  temperature  of  the  atmo- 
sphere,  inftueniial  upon  a  given  place  in  north  or  south  medium 
latitudes,  arc  greater  in  extent  in  summer  than  in  vinter,  so  the 
corresponding  magnetic  variations  may  be  expected  to  Tary  also, 
being  larger  in  the  northern  hnmiapherc,  when  the  nun  in  on 
the  north  side  of  the  equator,  and  )L-s<i  when  be  is  pn«enl  iu  tlie 
southern  heoiispbere,  and  producing  like  corrcspondeut  change 
there, 

2891.  From  a  mo«t  important  inTPAtigation  by  Colonel 
Sabino ',  founded  on  the  results  of  obsorvationa  at  Toronto  and 
IIo1>arton,  the  tAcrts  appear  to  be  tliat  the  mafrnetic  intonsity  is 
greater  in  both  hnmisiibercs  in  thaie  month!;  wbirh  are  winter  in 
the  northern  hemisphere,  mid  summer  in  the  soutUcm.  Similar 
result.-*  arc  (;rcatly  wanted  for  other  localities,  and  would  shoir 
whether  the  dilTcrent  disposition  of  land  and  sea  has  anything 
to  do  with  the  quesliou,  or  whether  the  results  at  Toronto  and 
Holiorton  arc  true  exponents  of  heinisplierical  eflecls.  As- 
suming Toronto  nnd  Ilobarton  oa  being  such  exponents,  the 
dip  in  both  hcmiBpherea  is  greater  {i,  c.  greater  north  dip  at 
Toronto  and  south  dip  at  Ilobarton)  in  those  months  which  are 
winter  in  the  northern,  and  summer  in  the  southern  hemisphere. 
Whether  there  ia  any  annual  variation  of  the  dip  or  total  force 
in  the  equatorial  parts  of  the  globe  la  verj-  important  to  deter- 
mine. It  wonld  be  well  worth  white  to  take  up  a  station  for 
the  express  purpose ;  the  instruments  are  verj-  simple,  and  tho 
olweirations  would  require  only  a  single  ohaervcr.  They  are 
described  in  the  paper  referred  to.  Unfortunately  sucli  obser- 
rabiona  arc  not  crrn  made  in  Great  Britain. 


2892.  The  manner  in  which  the  diurnal  vaiiation  may  be 
produced  or  affecteii  by  the  action  of  the  sun  ou  our  atmo- 
sphere as  the  earth  revolves  in  its  beams  has  hecu  already 
generally  referred   to.      The  whole  portion  of  atmosphere  ex. 

'  On  tlie  laeoiu  adopted  far  del«nuiuui(C  the  Abtolut^  ^'illlleBl,  Svcnlar 
Cluuigc,  Rn<3  .\niiuikl  VanAtiuu  of  thb  Magnetic  Force,  Pliilosopliical  Trans- 
■ctioDS,  ltJW,i>.  201.  * 
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posed  to  the  Bun  rcccircs  power  to  refract  the  lines  of  magnetic 
force  which  trnvernc  it,  ami  the  wliole  of  tliat  which  cofcfb  the 
darker  hemispliere  assvimos  nn  eijually  altered,  but  contrary  state 
rclutive  to  tin;  mran  condition  of  llic  air.  It  is  as  if  the  earth 
were  inclosed  within  two  enormous  magnetic  leuse*  competent 
to  affect  the  direction  of  tlic  lines  of  force  passing  through  them. 

2B93.  I  have  already  said  that  tbc  action  of  the  atmosphere 
thus  offeetcd  niigiit  iu  some  degree  be  compared  at  night  time 
to  that  of  an  enormous,  diffuse,  and  very  feeble  ordinary  iaag> 
net,  haring  the  po«iition  tlint  it  would  natur&Uy  take  aoeordiog 
to  the  line  of  dip,  panning  oTcr  ua  from  cast  to  weat,  and  tnclti- 
ding  un  for  the  time  within  its  influence:  in  the  daytime  the  ac> 
tiou  would  be  like  that  ofthc  similar  journey,  not  of  a  correspond- 
ing magnet  reversed  in  direction,  hut  of  a  corresponding  globe 
of  diamagnctic  matter  (2R<31.).  Assuming  the  maximnm  heat 
and  cold  to  occur  »t  midday  and  midnight,  wc  might  expect 
that  the  maximum  effects  would  also  occur  near  those  period* 
as  regards  the  variationn  of  inlenaity  (3824.  2866.)  ;  for,  other 
things  being  the  same,  the  central  parts  of  the  heated  and  cooled 
mossca  arc  those  where  the  difference  of  intensity  ahould  be 
greatest. 

SHDl.  It  miglit  be  expected  that  this  rariation  in  tho  intcnaity 
would  he  greatest  at  those  parts  of  the  globe  over  which  the  sun 
passes  Tcrtirnlly,  or  nearly  so;  but  that  may  depend  upon  two 
circumatanci^  at  least;  first,  whether  the  difference  in  the  day 
and  night  tenip<:raturc  is  greater  there  tbanototber  places,  tiecnuse 
the  extent  of  the  variaticm  may  be  dependent  in  part  upon  that 
difTcpcncc ;  and  nest,  whether  the  amount  of  effect  to  be  ex- 
pecied  is  the  aame  for  the  same  diffcrenec  in  number  of  degree* 
of  tempcratiirc  at  every  part  of  the  scale  (288fi.)-  If  the  coo- 
ductiug  power  of  oxj^u  (280O.)  should  he  found  by  future  es- 
pcrimcntal  meaBiircmonts  {29fiO.)  to  increase  in  a  greater  pro- 
portion for  a  fall  of  a  givcu  number  of  degrees  at  lower  tera- 
perature  than  at  high  ones  (inclnding  tho  effect  of  contraction 
fur  that  fall  (2861.)),  then  it  may  he  that  parts  more  distant  from 
the  sun  will  be  more  aflccled.  thau  those  under  it;  or  if  the  con- 
trai-y  be  tbc  case,  less  affected  than  otherwise  would  be  expected. 

38S).').  With  regard  to  the  daily  variations,  as  re»pect3  the 
direction  of  the  line*  of  terrestrial  magnetic  force,  or  the  inclina- 
tion and  declination  of  the  n&guctic  needle,  the  principles  of 
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the  cbanges  that  may  be  expected  to  occur  hare  been  already 
Kfcrmd  to  (2870.) ;  and  it  nMnaiua  for  me  to  compnrc  these  cx- 
pecttitioQs  Trith  a  few  simple  cn-tcs  of  obM-rvntioD,  in  such  ai 
general  manner  iw  will  tend  to  show  whether  the  direetioa  of 
action  ia,  both  in  theory  and  fuct,  the  same ;  and  whether  then 
ia  any  pnjhaUility  that  tlie  effect  has  heern  aasigned  to  ita  true 
eaaae ;  for  this  [iiirposc  I  nill  confine  myaclf  entirely  at  present 
to  D  part  of  the  daily  Tariation,  namely,  the  effect  of  the  sun  and 
sir  u  the  luminnry  arrives  nt  nnd  posses  orer  th<^  meridian. 

SB96.  Profiting  by  the  last  volume  which  has  i»sue<l  from  tba 
powerful  mind  and  earcfiil  hands  of  Colonel  Sabine',  1  will  take 
the  caac  of  llolwirtnn.  Tlic  ohftcrvatory  tlicre  is  in  latitude  42" 
52'b  »outli,  and  longitude  U7°  37''»  east  of  Greenwich.  Thd 
absolnte  declination  ii  VP  fit/H  east,  aud  the  dip  is  70°  SIK  sonth. 
In  order  to  have  the  place  of  the  sua  and  the  time  of  oiaximura 
and  minimum  temjieruturcs  at  hand,  I  hnre  tmnsfcrrcd  the 
Bwantemperaiurefor  January  (Mimmcr)  for  seven  yearn,  ISil— Jfl, 
and  the  mean  temperature  for  Juno  (winter)  for  th«  same  pe-, 
riod,  eorregponding  to  every  hour  in  the  day  and  night,  froi 
pp.  Ixixiv.  n.nd  cviii.  to  6g.  10,  Plate  I.,  where  thi;  middle  s,ent 
of  numhcm  represents  the  lioum,  the  line  next  IkIow  them  a  bi 
line  of  temperatnre  at  30°  I'ahr.,  and  the  two  currea  still  lowc 
down  the  mean  hourly  tcrui>omturc  for  summer  and  winter. 
The  short  line*  show  gencrnlly  the  direction  of  the  needle  etut 
or  west  of  ittt  mean  position,  the  upper  end  being  o!  course  the 
north  extremity.  The  positions  about  noon  arc  diHtingui»hcd 
by  full  liuea,  being  those  required  for  more  immediate  illui- 
tration. 

2807.  The  north  end  of  the  mafrnetic  needle  nt  Hobarton  is 
roost  cost  at  Z  o'clock,  and  most  we»t  nbont  21  o'clock.  Being 
at  the  extreme  west  at  tlie  latter  hour,  it  posses  through  tho 
full  range  of  variation,  or  to  the  extreme  cast  in  five  hours,  or 
by  2  o'oclock,  and  then  requires  tlie  remaining  nineteen  hom-s  to 
return  to  the  utmost  west.  Tlie  maximum  oast  and.  went  decli- 
nation is  at  2  and  21  o'clock  for  summer,  and  at  :i  mid  22  o'clock 
for  winter.  The  tertieal  positions  shnw  at  what  hours  thedeelt- 
nation  was  0,  and  eorre«pnnd  with  Sabine's  zero.  From  21  to 
3  o'clock  the  needle  pawrs  from  one  extremity  of  its  variation 
to  the  other,  the  north  or  upper  end  iravclliug  in  the  rerorse 

'  Mn^tic  and  S^leteotoluglcat  Obwrvatione,  Ilobartun,  vol.  L  1660. 
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direction  to  the  son,  so  tb*t  it  and  the  itm  croM  the  toeridiao 
togetlier  in  opposite  dirocticms,  nearly  about  or  a  little  before 
nooD.  About  2  o'clock  the  needle  u  arrested,  and  after  that 
time  returns  west,  foUowing  the  bud.  It  will  be  proper  to  state, 
that  the  north  end  of  the  needle,  the  motion  of  vbidi  Laa  just 
been  described,  b  tbe  end  towards  the  eqoator,  and  also,  the 
vpper  cod  of  a  dippinj^- needle  at  Uobarton.  This  distinction 
win  receive  more  sij^ficance  presently. 

2898.  IIcocc  the  cause  which  affects  the  needle  appears  to  be 
far  more  powerful,  and  more  coDcentrated  in  time  when  the  sun 
ia  present  than  when  he  is  away.  In  this  there  is  accordance 
between  the  time  uf  the  effect  and  the  time  when  tbe  sun  conld 
exert  most  influence  on  those  magnetic  conditions  of  the  atmo- 
sphere, which  are  for  the  present  supposed  to  govern  that  effect. 

2899.  It  will  be  seen  hj  examination  uf  fig.  10,  that  the  time 
of  marimmu  temperature  is  not  when  the  Min  is  on  the  meridian, 
but  two  hoan  after  it,  both  in  summer  and  winter.  But  in  le- 
ference  to  temperature  and  its  effect  on  tbe  magnetic  condition 
of  the  air,  and  through  that  on  the  needle,  it  is  not  the  local 
temperature  which  is  snppoaed  to  influence  the  needle,  but  thakj 
which  effects  enormoua  masses  of  air,  above  as  widl  u  bclowj 
and  of  wluch  the  temperature  at  the  spot,  however  impoflaat  it 
mar  become  when  we  can  properly  interpret  it,  ^vea  us  ss  yet 
little  or  no  knowledge.  Still  there  are  stHne  points  on  which 
temperature  has  a  more  direct  bearing.  Thus  tbe  amoont  of 
variation  of  temperature  is  in  summer  double  •»  hat  it  is  in  winter, 
and  the  amount  uf  rariation  in  the  declination  inereues  in  the 
same  proportion  (2890.).  The  minimam  temperature  in  « inter 
U  later  than  in  summer,  and  the  extreme  western  declination  of 
the  needle  is  also  later  at  the  soiue  period. 

3000.  The  varying  direction  of  the  maj^ctic  lines  of  the  earth 
is  made  known  to  us  by  observations  in  two  plaocs,  one  the 
horiiontal  plane,  to  which  the  position  east  and  west  is  referred, 
conHtituting  declination,  and  the  other  a  vertical  plane  prying  j 
through  tbe  line  of  mean  declination,  and  supplying  obseira* 
tioDS  of  inclination.  The  direction  of  the  line  of  force  referred 
to  this  plane  might  change  so  a«  either  to  incrfase  or  diminish 
the  indination,  attd  it  does  increase  at  some  places  for  the  same 
honr  of  local  time  for  which  it  diminishes  at  othrrs  ;  thus  it  in- 
creases at  Greenwich  whilst  it  diminUhes  at  St.  llclcna,  which 


Oct.  1850.]       Diurnal  varialioit — dirtctiim. 


241 


is  nearly  in  the  snmc  tneridiui.  At  Hob&rton  it  changes  rapicUy 
at  tbc  cart  and  vnt  extrpmn  of  the  variation,  i.  e.  about  2  and 
21  o'clock.  Frnm  nc>oii  it  diminUlK-s  iiiitil  about  A  o'clock;  it 
then  continues  ticurlr  ttir  H&mr  in  summer,  vhcn  the  rariation 
IB  greatest  until  IB  or  19  o'clock,  from  that  time  it  iocreacca 
until  about  23  o'clock,  and  is  nearly  a  maxinrnm  from  thence 
till  uuou.  lU'uoL-  it  will  l)c  understood,  that  the  iucltuMion  is 
generally  greatest  during  tbe  rapid  journey  of  the  north  end  of 
the  needle  from  nest  to  east  between  21  and  2  o'clock,  and 
least  in  llic  other  or  prolonged  half  of  the  journey  ;  and  though 
this  is  partly  broken  up  in  the  night  effect,  to  be  considered 
berenfter,  still  as  a  gcucral  re»tult  it  always  appear*. 

2901.  All  thbi  may  be  roughly  represented  by  Eg.  11  (2909.), 
in  which  E.  W.  represcuta  the  [with  of  the  sun  between  the 
tropica  as  he  comes  up  witli  the  hours  21',  22*,  Sec.  in  his  daily 
journey,  and  e  the  path  described  by  the  north  or  upper  cod  of 
the  needle,  freely  suspended  at  liobarton,  and  therefore  showing 
both  declination  and  inclination,  t.  r.  the  whole  direction. 
Looking  clown  upon  such  a  needle,  ita  upper  end  will  take  the 
course  indicated  by  the  arrow,  and  its  position  at  any  given 
hour  ie  bliowu  KifBeicutly  by  the  leading  lines. 

S90S.  Tliis  relation  of  the  motion  of  the  needle  to  that  of  the 
sun  has  long  been  Innn-n  :  it  h.isi  great  nignifieancc  in  relation 
to  nty  byputhesis  of  the  physical  cause  of  these  vuriations.  A* 
regards  the  part  of  the  action  which  I  am  considering,  it  is  as  if 
tbe  pole  of  a  magnet  came  on  with  the  sun,  of  like  nature  to  the 
upper  end  of  the  llobnrton  needle,  and  at  first  drives  that  end 
west.  Towards  19  o'clock  the  tendency  westward  diminisbeit, 
but  the  tendency  Mintli  increases.  At  21  o'clock,  tbe  increase 
in  tbe  sun's  power,  acting  not  directly  from  tlie  sun  but  from  a 
region  iu  tbe  atmoejihcru  beneath  it,  is  not  sufEcicnt  to  compen- 
sate for  Iiis  more  unfavourable  position ;  the  earth's  force  bringt 
the  needle  back  as  regards  declination,  aud  then  it  paues  east- 
wards, but  the  southerly  motion  or  inclination  still  increases; 
about  24  o'clock,  or  noon,  the  sun  !»  as  to  ciwt  or  west  declina- 
tion  indifferent,  but  powerful  in  southern  action,  making  the 
inclination  then,  or  soon  after,  a  maximum.  Then  as  the  sun 
goes  west  of  the  needle,  its  power  in  driving  the  pole  behind  it 
DMtward,  will  inrrcase  for  a  time,  whilst  llic  power  producing 
incUnation  will  diminish,  until  at  2  orSoVlock  the  earth's  force 
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will  regnin  prepotidcrance  as  Uie  stin's  power  tUmiuuiiies  liy 
distanco,  and  tlie  needle  will  return  towards  its  leaat  dip  and 
mean  iuclitiatioii. 

2903.  All  this  may  be  rcpTc«cntcd  cxpcfimcn  tally  by  carrying 
a  maguetie  [lole  north  of  tlie  dipping-needle,  so  an  to  rcprvscut 
the  place  of  the  BUD>hcatcd  air  to  Ilobiirtoii,  provided  that  pole 
be  of  the  iamv.  kind  na  tin;  north  or  upiwr  pole  of  the  needle. 
I  have  alrouly  stated  (^sr?.  28G3.),  tbut  uJicii  a  portion  of  air 
is  bcatcd  in  a  field  of  mapnctic  power,  it  loose*  in  ma^uctic  con- 
duction power,  and  if  in  association  with  air  less  heated  dedecte 
the  lini's,  assuming  tlie  xtate  wliich  I  baTC  dixtinguifihed  as  tliat 
of diuiuuguetic  conduction  polarity;  then  prescutiug  the  very 
polarity,  or  rather  the  very  intlcction  of  Uie  lines  of  force,  which 
would  uiVect  the  needle,  ns  it  is  nflocted.  As  the  sun  rises  and 
pnsKc-t  north  of  imch  a  place  as  Hobarton,  the  atmosphere  under 
his  coming  influence  becomes  more  and  more  heated  and  ex- 
panded; and  referring  to  the  model  globes  of  air  (28fi4.  2877.), 
it  is  us  if  »uch  a  warm  ma&s  pas»cd  with  the  »uu  through  all  the 
refpons  of  the  equator,  extending  also  far  north  and  south  of  it ; 
and,  having  Hobarton  within  its  inOuenee,  produced  the  cITects 
there  observed. 

29(4.  In  such  a  view  one  sees  a  reason  for  the  short  time 
occupied  in  the  return  of  the  needle  from  went  to  ca»t  as  tlic 
sua  passes  immediately  over  its  meridian,  and  for  the  long  time 
during  which  it  is  pasiing  from  cast  to  west  as  the  influence  of 
the  sun  is  slunly  withdrawn,  aud  then  again  slowly  renewed 
during  the  remaining  part  of  his  journey,  exception  being  made 
for  the  present  of  the  paramagnetic  effects  due  to  cold. 

2905.  I  will  now  consider  the  Toronto  case  of  diurnal  varia- 
tion as  it  is  presented  to  us  in  the  volume  of  magnelical  obsorva- 
tlona,  issuing  from  tlie  snuie  antliority  and  hands  as  the  former 
volume',  and  also  in  further  observations  down  to  1848,  sent  to 
me  by  the  kindness  of  Colonel  Sabine.  The  position  of  tlie 
observatorj-  is  in  lat.  43°  SS*  36"  N.  and  long.  79"  21'  30"  W, 
The  absolute  declination  is  1"  21'  3"  W,,  and  the  moan  or  ab- 
aolutc  dip  is  75°  15'  N.,  so  that  as  regards  Hobarton  it  is  on  the 
other  side  of  the  equator,  and  nearly  on  tlic  other  side  of  tlie 
world.     The  results  for  the  monlbs  of  June  and  December  are 

>  ilsgiuticslstMlMeiMiolo^calObHTTstioiUL  Tor^ato,  l&M,  1841, 1648, 
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.placed  in  a  ilia^niTn  corrcspotiiling  toihat  for  nobnrton  (28M,), 
'eiaploying  the  Turoutotimc  for  t!ic  hourn,  Plato  I.  fig,  12. 
2906.  The  oonh  end  of  the  needle  is  that  UDirerwilIy  referred 
to  in  epc&kiug  of  tlir  dcolination  ;  its  conrsi?  at  Torcinlo,  iluring 
the  immrdiate  suu  effct'l,  is  as  folluws : — Iliiviug  gradually  moved 
cwtfrom  IG',  it  iaatextremccastataOo'clock,  and  IhcnrettimH 
from  the  casft  to  extreme  west  in  six  hours,  after  which  it  moves 
ftwtward  from  the  sun.  But  if  wc  coiivt-rl  this  into  the  motion 
of  the  equatorial  extremity  of  the  needle,  for  that  is  the  upper 
end  if  the  ne«Ue  he  free,  and  coneems  u»  raont  in  the  eom- 
parison  with  IIuhartoii,thcn  it  will  Ix:  seen  that  this  end  is  mont 
vest  at  lii*  or  20';  and  leavin|c  that  |>o<<itioii  at  that  hour,  it 
travels  quickly  eastward,  parsing  through  thefiill  range  of  varia- 
tion or  to  extreme  east  iu  six  hours,  or  until  2%  and  then  rctorns, 
following  the  roq. 

3007.  Looking  at  these  results,  J  might   repeat   the  words 
'  vaed  in  illustration  of  the  Hohurton  cllccts,  hut  fur  the  sake  of 
hrerity  will  simply  refer  to  them.     As  hefore,  the  amount  of 
variation  in  the  declination  is  in  summer  douhle  what  it  is  in 
Winter.     The  diflcrcucc  of  ti'mperature  is  three  times  grvater. 
rThc  extreme  neat  uiid  etwt  deeliuutiuu  is  holh  in  summer  and 
winter  at  20  and  at  2  o'clock,  so  that  the  magnet  holds  to  the 
time  in  both  seasons ;  but  the  maxima  and  minima  of  cold,  aa 
iAhown  before,  vary  in   the  two  seauons,  for   the  former  is  at 
o'clock  in  summer  and  2  in  winter,  whiUt  the  latter  is  at 
[16  o'clock  in  summer,  and  20  o'clock  in  winter.     But  this  is  a  va- 
riation with  consistency  ;  for  it  will  lie  Hircn  by  a  moment's  inapeo- 
tion  that  in  winter  the  maximum  of  heat  lias  moved  towards  the 
tiraeof  most  powerful  action  m  the  one  direction,  and  the  minimum 
laa  moved  tuwards  it  in  the  other.     Tlie  passage  of  the  sun, 
icrefore,  over  the  meridian,  and  the  period  of  rapid  motioD 
of  the  needle  from  went  to  cast,  still  coincide. 

2U08.  The  other  clement  of  direction  is  the  inclination.  Its 
variation  i«  very  emullj  bnt  changes  thus,  A  principal  maxi- 
mum dip  occurs  at  22  o'clock,  and  the  extreme  minimum  dip 
at  4  o'clock. 

2iJ01>.  So  all  the  effects  may  again  be  generally  rcprewntcd 
by  an  ellipse  (fig.  13)  as  they  were  for  ilobnrton  ;  and  1  may 
Tefcr  to  the  word*  then  used,  substituting  Toronto  for  Ilobarton 
ami  north  for  south  (2901.).     As  the  aun  comes  up  Irom  the 
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east  in  bis  course  between  the  two  places,  he  drives,  by  the 

altered  atmospliere  beneath  him,  the  upprr  ends  of  their  nccdlc« 
before  Itim,  aad  outvrards  frum  the  line  of  his  )iuth,  a«  if  he 

Fi^.  13. 
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Fig.  11.     ^« 

were  a  north  pole  to  the  Hobarton  magnet,  and  a  south  pole" 
to  the  Toronto  magnet.  By  22  o'eloek,  the  earth's  furcc,  and 
the  action  of  the  air  due  to  the  bud's  position,  permit  a  re- 
turn to  the  cnet,  though  the  irichnittion  for  n  time  increaiu'A 
(2902.)  ;  both  swing  nijiidly  rniind  from  west  lo  ea.st  its  he 
passes  orer  the  meridian,  and  then  having  obtained  tlicirmaxi- 
mam  position  rjmtward,  soon  follow  after  hiiu  under  the  influ- 
encc  of  the  cnrth'a  force,  less  and  leva  coutit«ractcd  by  the  re- 
treating sun.  So  striking  is  the  similarity  between  Hoharton 
and  Toronto,  that  Colonel  Sabine  ha&  alreudy  specially  distin- 
guished and  described  it',  and  h»8  Hhown,  that,  lying  down  tlie 
direction  of  motion  in  both  cases  hy  ciirrcn,  and  bringing  the 
two  curves  together  by  tlicir  facr:«,  they  coincide  almost  exactly, 
"vrith  this  single  difl'erencc,  that  the  Hobarton  changes  precede 
those  at  Toronto  by  an  honr,  nr  rather  more,  of  local  time. 

!2910.  'NVe  cannot  represent  this  day  effect  experimentally  upon 
two  Bucli  needles  as  those  at  Hobarton  and  Toronto  hy  one  pole 
oE  a  magnet,  though  wo  can  do  it  with  each  acparately  with  dif- 
ferent ijoles  ;  but  we  sec  at  once  from  the  hypothesis,  the  rea- 
son why  the  sun  acts  in  this  manner  (2877.),  and  how  it  is  that 
the  region  of  influential  atmosphere  that  areompanie*  bim  in 
Lis  journey  round  the  globe,  acta  with  one  effect  in  the  northern 
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Ulitodo  and  anotfar^r  in  southern  positions  (2903.).  The  rea- 
w>Ds  also  for  the  abort  time  of  the  day  journey  and  tlie  len^ttieoed 
period  of  the  night  return  (2904.),  arc  manifc»t.  The  occurrence 
of  distiirhnjicca  or  accoudury  waves  of  potrcr  iu  tbc  oi];lit  time, 
and  the  conditioo  both  of  the  chief  variation  and  the  mtlwrdinata 
oscillations  in  snmnuT  aiid  winU-r,  hiH  he  L-uiiHidt-red  hLTCiifter. 

2911.  Greenwich. — 't\\c  follottLu"  results  are  takcu  from  the 
¥olniiie  of  Greeuwich  observations  for  1847.     Tho  latitude  is 

W  81'  N.,  and  being  removed  iicftrly  80°  iu  longitude  from 
ToroatOj  tbc  station  is  well  contrasted  with  it  nnd  also  with 
Ilobarton.     The  mean  declination  is  22"  51'  18"  W.,  and  the 

.Bacon  inrlination  is  C0^  N.  As  it  is  the  nppcr  end  of  the  dip- 
piDg-netnllc  which  wc  bare  to  consider  for  tbupurjioaeof  areiuly 
oompari«on  with  the  sua'a  obsen-ed  day  action  (290ti.),  I  vill 
describe  tho«c  parts  of  ita  course  and  place  fur  Greenwich  time 
whieh  t-oncem  us  now.  Moving  westward  before  19^  and  SO**, 
ittlieu  rcturus  towards  the  east,  and  in  six  hours,  or  by  1*  or  2*, 
liaa  rompleted  the  great  sun  swing,  after  whirh  it  returns  west, 
following  llie  luminary'.  The  vertical  force  is  given  a^i  gi'catcst 
bcttrcen  3  and  4  o'clock,  nnd  least  hctwccn  1 1  and  13  o'clock. 
The  south  end  of  the  nerdie  therefore  is  more  npright  at  the 
former  time  and  It^ics  at  the  latter;  and  as  the  latter  nocura  during 
the  prolonged  tx:turn  part  of  tbc  journey  from  cast  to  wcat,  in- 
cluding the  ui|cht  hours,  so  we  perceive  that  the  upper  cud  of 
the  ucc4Ue  performfl  its  daily  journey  in  an  irregular  closed  carve, 
which  the  elliptic  for  Toronto,  fig.  13  (2909.),  may  generally  re- 
present; it  pauses  from  east  to  west  slowly  during  the  night 

iliotirs,  approaching  the  equator  at  tbc  same  time,  and  then  it 
returns  from  west  to  caat  with  fur  greater  rapidity,  performing 
this  part  of  it*  journey  at  a  greater  distance  from  the  equator 
and  nearer  to  the  pole. 

2912.  tfas/iitiffloa,  [;■..■?.— liilitude  38°  54'  N. ;  lonpntude 
77*  2'  W. ;  the  mean  declination  1*=  23'  W. ;  the  mean  dip 
71°  20'  N.     The  south  or  upper  end  of  tbc  needle  ia  in  the 

,  morning  at  extreme  west,  about  20  to  52  o'clock,  and  at  extreme 
east  nbout  2  o'clock;  it  then  returns  slowly  west,  with  the 
night  action  as  in  former  eases,  regaining  extreme  west  at  20  to 
22  oMoek,  This  is  exactly  tliesnine  movrmrnt  for  deetiiiation, 
in  ri'lalion  to  the  place  of  tbc  sun,  ta  for  the  former  Inralitiea. 
1  have  uot  the  variation  of  the  dip,  but  theory  would  lead  one 
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to  conclude  tbat  it  is  (p-«atest  between  23  and  2  o'clock,  and 
kaet  inthccveningand  night  time.  The  total  amount  oF  dccli- 
nntion  variation  is  greatest  in  summtT,  as  bft'ort',  being  9'"a7  in 
July  and  only  4'  in  DuoiinilitT.  The  greatest  (HfTerpnce  in  the 
cartEi'a  temperature  is  ulao  in  July,  being  tlieu  nearly  20°  Folir., 
whcrcDH  iu  December  and  Januai*)'  it  is  only  10^  Fahr.  The 
ihorteit  period  between  the  extreme  temperature,  including 
therefore  thu  tjiiickcHt  ctiauge  of  tcm]ierature,  isfrom  16  or  18  to 
2  o'clock,  and  consequently  includea  noon.  All  tbcM^conditiona 
coinbiuc  to  pntduec  the  grentcst  magnetic  action,  and  it  ia  in  the 
direction  pointed  out  by  the  hypothesis. 

2913.  Lake  ^MflAff*ra. —Latitude  58°  41'  N.;  longitude  HI" 
18'  W.  of  (IretMiwieli  ;  nipan  deelinnlton  28*  E.  The  ob- 
servation!! are  only  fur  live  months,  but  as  the  pnsition  is  in 
a  Kigh  latitude  and  may  he  iioportaut  fur  future  considerations, 
I  give  the  rceults  here.  Tlic  extreme  western  position  of  the 
upjicr  end  of  the  needle  ib  about  17  or  18  o'clock,  and  its  ex- 
treme eatitem  position  about  1  or  2  o'clock;  ao  that  aa  far  as 
declination  la  roncerrird,  the  action  of  the  sun  and  atmosphere 
ia  as  iu  former  eost^it.  The  amount  of  declination  variation  is 
very  great,  bciug  in  October  21 '■32;  in  \oTembcr  10''8 ;  in 
December  9'-78;  m  January  16''29,  and  in  February  W'HT. 

2914.  Fort  .SiVn/won.— Latitude  (11'=  M'  N. ;  Innfritudc  121°  30' 
VT.  of  Greenwich;  mean  declination  3b^  E.  These  observations 
are  only  for  two  months,  i'.  c.  April  and  May  1844.  Tlie  ex- 
treme westcni  place  of  the  upper  or  south  end  of  the  needle  waa 
at  10  o'clock,  and  its  extreme  eastern  poeitioa  at  2  o'clock. 
The  rcault  therefore  is  in  perfect  aceordnnce  with  the  preceding 
obdervntions  and  concluRiona.  The  amount  of  variation,  as  given 
iu  tlic  horizontal  pliuic,  is  very  large,  iK-iug  S4)''2<!  in  A^ril  and 
82'  in  May. 

»  2015.  St,  P£ler^hirffh.—Latit^xdc  59*"  57'  N. ;  longitude  30® 
15'  E.  of  Grccuwich  ;  mean  deeliuatiou  0°  10'  W  ;  the  dip  70" 
Sty  N.  The  obeervationa  are  the  mean  of  six  yeuris,  and  ahoir 
that  the  upper  end  of  the  needle  is  extreme  west  in  regard  of 
noon,  tilhoiit  IU''  and  20"  fur  tlie  months  of  March  to  August, 
and  that  for  the  other  months  there  is  a  western  position  about 
the  same  hours.  The  extreme  east  position  it,  for  alt  the  months, 
about  half-paat  1  o'clock,  «t  that  the  sun's  efiect  in  passing 
orer  at  the  noon  period  is  as  ia  former  cases.    The  greatest 
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mmonnt  of  variation  is  11''32  id  June ;  In  viotcr  it  dvlodles 
away  to  an  little  as  r'77.  From  theory  the  dip  may  he  expected 
to  incn'osc  during  tUc  day  {tours  anil  dtinini&h  at  night. 

2Ul(i.  Tlius  these  ca»c»,  'nhich,  iucludiu);  the  chief  feature  of 
(liurniil  i-ariatiuu  and  Run.  action,  were  selectpd  as  it  firrit  and 
trial-test  of  the  liypothtsis,  join  their  evidnnee  toj»t'thcr,  ns  far  as 
ther  ^,  in  favonr  of  that  view  whicli  ]  am  ofl'cring  for  their 
cause;  nor  have  I  yet  found  any  instance  of  even  an  apparent 
eoQtradiction  in  regard  to  the  sun  action.  They  a£>8ist  the  mind 
greatly  in  forming  a  precise  notion  of  the  mnmior  in  which  the 
inflaence  of  the  sun  and  air  19  xuppooed  to  act,  not  only  in  simi- 
lar cases,  hut  in  rrspcct  of  other  consequences,  i,  e.  in  all  that 
properly  comes  uudcr  the  term  of  atmonphcric  magnetism;  I  will 
therefore  now  restate  more  particuluj-ly  the  princiiiles  which,  ac- 
eording  to  the  hypothesis,  guvcm  them,  in  hopc-i  that  I  may  he 
fortunate  enough  to  ussist  ia  developing  hy  degrees  the  true  phg- 
Mtcal  coftst  of  the  mfignetic  variations  in  ijiicstiou. 

2017.  Space,  Toid  of  matter,  admits  of  the  trnnsmisaion  of 
the  magnetic  force  through  it  (2787.2851.).  Paramagnetic  and 
diamagnetic  bodies  either  increase  or  diminieli  the  degree  )d 
vhicli  the  transmission  takes  place  (2789,).  This,  tlicir  influ> 
ence,  I  have  cxpnased,  for  the  time,  hy  the  phrase  of  roagnelio 
conducting  power,  and  I  think  have  given  snflicieut  llrst  experi- 
mental evidence  of  the  existence  of  the  power  and  its  cflVcta  in 
disturbing  the  lines  oE  magncticforce  (28i3.).  The  atmosphere 
is,  by  tlie  oxygen  it  contiiins  (2861.  2863.),  a  parimngnetic  me- 
dium, and  has  its  conducting  fon-e  greatly  dimiiii»li(!d  liy  etera- 
tiun  of  temperature  (2856.)  and  hy  nircfuction  (2783.  2783.),  ai 
lies  also  been  fully  proved  by  experiment.  The  sun  is  an  agent 
which  both  heats  and  raiciics  the  atmosphere,  and  in  its  diurnal 
Course,  the  place  of  greatest  heat  and  rarefaction  muat,  speaking 
generally,  be  beneath  it.  The  irregularities  in  tlie  condition  of 
the  earth's  Mirfoee  ami  other  eaiisca  da  produce  local  departures 
from  an  exact  relation  of  place,  hut  they  probably  disappear 
partly,  if  not  altt^thcr,  in  the  upper  regions  of  the  oir. 

21^18.  .'Vasumiug  that  the  air  untfer  the  ran  is  most  changed 
mHgnelically,  and  confiuiug  the  utteuliou  to  a  Bpot  whiTo  the 
auu  is  vertical,  for  the  purpose  uF  considering  the  eonditiuu  of 
the  atmosphere  there  and  at  other  parts  in  relation  to  it,  the  sup- 
position of  a  globe  of  air  ovt-i  the  spot  will  of  course  find  uo  fit 
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applicfttion  {2977.).  Wc  arc  Hret  to  suppose  tlic  sun  fiir  away 
and  tlie  atmmphrre  in  n  mean  state  as  to  (cm pprntiiro,  and  chuu 
cunBider  the  kuq  as  pruu>nt  in  tliu  meridian  of  a  given  place; 
and  it  U  the  dryree  of  afieralian  in  temperature  and  cxpausioa 
of  the  air  beneath  and  iirouml  ihc  place  of  (he  ^un,  and  tlie  man- 
ner iu  whicU  the  cbauge  cornea  on  and  paflscti  uway,  vbich  coa- 
ccpu  lis.  la  relation  to  tiic  surface  of  the  earth,  that  alttration 
will  he  greatest  xnmewliere  beneath  the  sun,  and  will  diminisli 
in  every  direction  arounilj  Ijccoming  nearly  nothing  as  to  direct 
action  at  that  jiurt  or  circle  of  the  citrtli  where  the  sun's  rnys  are 
tangent.  In  relation  to  elevation,  it  is  a  qiieetiou  yet  wlietlier 
tli{!  ellVet  in  greatest  in  amount  at  thf?  surface,  diminishing  up> 
wards.  As  regards  the  atiauBi>lierc,  it  must  oE  course  end  with 
it,  thout,'U  OS  re**pcels  space  ilsflf  (38^1.),  a  reservutiou-thought 
m-iy  arise.  With  regard  to  any  alteration  (x-casioned  by  the 
sun'9  intlaciicc  in  the  opposite^  hemisphere,  though  there  is  none 
pfofiuced  directly,  yet  indirectly  there  is  that  due  to  the  falling 
of  tlietemperaliiimf  the  air,  from  tfaccnndLtion  to  which  the  snu, 
whiUt  uliovc  the  honicon,  had  brought  it.  Tliiit  change  mu«t 
be  uiore  tardy,  irn-gular  and  disturbed,  by  local  and  other  cir- 
cumstauecs,  than  the  opposite  alterations  produced  by  the  direct 
inflnenee  of  the  luminary  ;  and  is  that  nhifU  ocfJisions,  by  the 
hypothesis,  the  Heeoud  maximum  ur  miuiinum  or  other  recur- 
ring night  actions,  made  manifest  by  the  needle  ia  the  hours 
when  the  sun  is  aw»y. 

3!>1!).  The  lincH  of  force  which  i^suc  from  a  magnet  arc,  as  it 
were,  located  and  fixed  by  their  roots  iu  a  way  well  understood 
experimentally  hy  those  uhn  liavc  woriicd  upon  this  subject. 
In  the  same  manner  the  Hues  which  issue  from  the  earth  more 
or  less  suddenly,  accorJiuf;  to  the  amount  of  inclination,  arc  held 
beneath  by  a  force  of  location  ;  and  because  of  the  unchanging 
action  of  the  earth  in  rc«pect  of  atmospheric  effect,  arc  restrained 
more  or  less  from  nlleratiou  beneath  during  the  changing  action 
of  the  atmosphcr*^.  This  fixation  in  the  earth  is  a  chief  cause 
of  cerlani  peculiarities  in  the  atmospheric  pha^nomena  as  wc  ub> 
BCrve  them  j  and  is  |]roductivc  of  that  rotation  of  the  line  of  force 
nbont  the  moan  jiosition  which  we  have  already  considered 
during  the  sun  swing,  and  ohuil  meet  with  again  under  the  ac- 
tion of  cold  air.  This  condition  of  fixation  at  the  tower  parts  of 
the  lines  of  force  occurs  at  every  station  where  there  18  any  dip 
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at  all,  aud  ^rcs  For  ench  the  point  of  convei^euce  round  which 
tbc  motioQ  of  tbc  upper  cud  of  tbc  needle  takes  place  (21>09. 
2932.). 

2920.  So  the  atinosplicrc,  under  the  iufloencc  of  tbc  sun,  liea 
upon  the  enrth  altertrd  must  at  the 
f&Ti  iKUcath  the  luDiiuury.  It  hua 
receivul  [xiwer  to  affect  the  liuea  of 
ma^DCtic  force  differently  to  the 
monucr  iu  uhich  it  afftictcd  them  iu 
the  Buu's  absence.  It  has  become  u 
great  magnetic  Icnii,  able  to  refract 
the  Vinca,  and  the  iDuiner  in  which 
it  docs  BO  ippean  to  be  of  the  fol- 
lowing^ nature.  .Ml  the  lines  pass- 
ing through  this  h<mted  and  ex- 
paoded  air,  EKirrouadvd  by  other 
air  not  »o  niiicb  heated,  will,  be- 
cause of  it<  being  a  iTOr»e  uiaj^uctic 
conductor  than  the  latter  (^801. 
2»62.),  tend  to  open  out  {2807.); 
Uld  the  mass  of  hi-atcd  nir,  as  a 
vhole,  will  assume  tbc  condition  uf 
diama^ctic  polurity.  If,  therefore,  for  tlic  sake  of  simplicity, 
the  magnetic  ami  astrunomieal  |x3lc9  of  oiir  earth  be  supposed 
as  coincident,  aud  fig.  M  repruseal  a  section  taken  through  them 
and  the  place  of  the  sun,  then  N  aud  S  viU  be  the  magnetic 
poles,  and  the  tliffercnt  cur\-c8  cutting  the  outline  of  the  circle 
will  sufBcicutly  represent  the  course  of  the  magnetic  liuea  as 
they  occur  at  or  nlmut  the  sui-face  of  the  earth,  II  hciog  the 
sun,  and  a  the  place  immediately  beneath  it,  which  is  also  coin- 
cident with  ihi;  magnetic  equator.  By  this  diagram  wc  Hholl 
hare  an  illustrution  of  tlie  byiiothetical  effect  on  the  incUnation 
of  the  uccdlc. 

2y2l.  Considering  the  point  a  first,  and  assuming  an  yet  that 
the  maximum  of  change  in  the  air  is  always  at  the  surface  of  the 
earth,  wc  shall  (iud  that  there  the  liues  of  force  will  open  out, 
prewrring  in  some  di-griH;  their  parallel  or  rnncriitric  relation. 
CODieqacotly  a  magnetic  needle,  free  to  more  in  every  direction^ 
and  therefore  taking  up  its  position  in  the  line  of  force,  ought 
not,  if  placed  at  this  spot,  to  be  altered  in  its  position.     It  ought 
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to  show  perfaap«  a  dltninntion  of  magnetic  force  transmttldl 
tliroii^h  tlint  spot;  but,  for  the  reason  before  given  (2868.)»  I 
conclude  it  would  indicate  a  (^atcr  iuteiuity,  tlie  increau-d 
poirer  thrown  upon  it  throngh  tbe  diminution  of  thccoadncting 
power  of  the  ur  in  tliat  place  caustug  it  to  act  as  a  marc  power- 
ful needle. 

2922.  Pnrccfding  to  a  point  b,  there  the  lino  of  force  have 
dip.  The  9IUQC  phraieat  rffet'l  will  be  produced  upon  Uicm  here 
aa  before,  i.  e.  the  portions  in  the  atmosphere  will  open  out ; 
but  UL'itbur  liere  nor  in  the  former  ease  will  tht-y  continue  to 
have  the  same  curvature  as  before,  for  towards  and  iu  the  earth, 
where  ther  have  tbeir  origin,  they  are  reslraiuecl  more  or  1cm 
from  altering  by  the  uuchanf;iug  action  of  the  earth  (^19.) ; 
whilst  at  Ihoir  more  advanced  parts,  as  at  r,  they  enter  into 
portions  of  the  ntmoaphere  which  arc  nearer  lo  the  most  intense 
lines  of  solar  aetion,  H  C,  probably  al»o  into  the  region  of  mo«t 
intense  action,  and  also  into  Npnrr,  rirciimstancrs  which  cause 
more  displacement  of  the  lines,  tiiiding  to  »e|Miratc  by  the  ten. 
aion  of  the  parts  altered  in  the  air,  tlian  can  happen  in  the  earth 
(2848,).  So  the  mat;iio(ic  line  of  fon'e  at  b  will  not  njiive  par. 
allel  to  itself,  but  ht-ing  inclincJ  a  certain  ilegn-ie  totlieburizon, 
when  in  the  normal  condition,  will  be  more  jncUned,  i.  t.  will 
have  more  dip  given  to  it  by  the  presence  of  the  mm.  This  is 
the  Fact  ma^e  manifest  by  the  needle  when  indicating  the  posi- 
tion of  the  line  as  to  inclination  (2008.)  at  Hobarton,  Toronto 
or  elsewhere,  by  t!ie  motion  of  if  upper  end ;  for  it  is  manifest 
that  whatever  h.ipprns  op  one  aide  of  the  place  of  the  »nn  and 
magnetic  equator,  when,  us  iu  our  supposition  (3930.),  they 
coincide,  will  happen  on  the  other. 

2923.  The  case  may  be  more  simply  Htated,  for  the  facility  of 
recollection,  by  Baying  that  the  effect  of  the  sun  is  to  raise  tlie 
mii^ictie  curves,  over  the  cc|uatnrinl  and  nrighbonring  parts, 
from  their  noruml  position,  iu  doing  which  tbc  north  and  toutb 
dip  arc  simultaneously  affected  and  incrrascil. 

202-1.  At  the  pinee  li  like  eiTeota  on  the  inclination  must  be 
produced,  ami  theoretically  it  should  he  affected  iu  the  same 
direction  even  at  N.  and  S.  At  the  [loint  a  the  inclination  is 
BUpjKMtpd  to  be  not  at  all  altered,  but  going  cither  north  or  south, 
the  changes  appear  and  increase.  It  is  not  probable  that  the 
uuiximum  alteration  will  be  at  N.  or  S.,  but  the  latitndc  where 
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it  will  occur  mustdependupon  the  many  conjoined  circnouitaQces 
tfikt  belong  to  the  cose  of  a  glntw  round  which  a  magnetic  IrnH, 
cuch  as  I  liBve  cndc-avourcd  to  dcacrilic,  is  conliniially  revolving. 

3!)35.  Instead  of  assuming  that  the  sun  is  at  H,  let  ns  Kupposo 
thnt  nc  are  looking  at  the  diagram  id  a  vertical  poxitinn  and 
towanU  the  cast ;  the  sun  coming  up  from  the  eaxt  and  paining 
over  our  beads,  and  bringing  with  it  that  condiliou  of  our  atmo- 
'^erc  which  is  the  cause  of  the  change.  Aa  it  docs  so,  all  the 
magnetic  cunefl  would  riae;  the  inclination  would  increaxc  at 
ft,  (I,  and  every  place  where  there  was  any  heforehaiid  in  opposite 
directions  on  the  two  sides  of  a  ;  this  would  go  on  until  the  nun 
'  yma  in  the  zenith,  and  then  aa  it  passed  away  and  sank  lii'hiiul 
tts  the  lines  would  drnv  in  ngain  and  the  dip  ditninieh  to  what 
it  was  at  first.  The  inuxinium  of  dip  would  be  when  the  sun 
wa«  near  the  zenith,  and  the  niinimnra  when  he  wastjuite  away. 

2926.  But  if  the  resultant  of  force  he  above  in  the  atmosphere 
(SOiiT.),  which  in  by  far  the  mn.<tt  probable,  as  it  in  the  irbole 
Btmosphcrc  which  act^  by  h(^at  diamagncticntty,  then  the  results 
would  he  modified ;  for  if  over  a,  the  lines  of  force  might  \ie 
deprensfd,  and  any  inclination  there  would  be  dimininhtHl ;  at  b 
it  might  not  for  the  moment  he  alTected  ;  whiUt  in  higher  lati- 
tudes it  would  be  inercuftcd,  according  a:i  the  line  of  force  from 
the  resultant  in  the  atmosphere,  wherever  that  might  be,  fell 
outside  of  the  angle  formed  by  the  inclination  with  the  horizon 
of  a  given  place  or  wtthin  it.  St.  Helena,  the  Cape  of  Good 
Hope,  and  llobarton,  furnish  instances  of  the  three  cases. 

2937.  At  the  same  time  the  total  force  would  uuder^  a  change 
in  ita  amount ;  that  transmittnl  through  a  given  space  would  be 
least  wbvn  the  sun  was  in  the  zcnilh,  and  most  when  he  was 
away  (28fi3.).  The  total  variation  in  the  force  should  be  greatest 
at  a,  and  diminish  from  thence  towards  north  and  south.  The 
doily  variations  of  the  inclination  are  &o  imperfectly  known  to 
x»  at  present,  that  wc  cannot  «ay  how  far  the  natural  changes 
will  necord  with  tbc«c  expected  variations,  but  as  far  as  tbo 
observations  go  they  agree  with  thi;  theory- 

2928.  If  tlie  sun,  instead  of  being  over  the  equator,  is  at  a 
tropic  and  so  vertical,  for  inslauce,  over  &,  then  the  effects  will 
be  iDOclified  ;  and  the  resultant  still  being  assumed  as  above,  the 
lines  of  force  which  before  were  not  ad'octed  may  ho  expected 

descend  an<l  lessen  the  inclination,  whilst  other  lines  in  higher 
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IfttiiuHcs,  which  before  ircre  incrcMcd  in  inclinatiou,  may  now 
be  hut  little  affected,  nod  other  lines  in  still  higher  lutitudcs 
hare,  as  before  ihrir  inclinntiou,  ioorL-ased.  On  the  other  Mde 
of  the  cqiiator,  the  tcndfiKy  of  the  lines  would  be  to  iucrcaae  in 
incli  nation. 

292S.  Ppoceedinfj  to  that  part  of  the  exi«x-ted  uhauge  of  posi- 
tion of  the  froe  needle  whic-h  prod»o«  variations  of  dccUnatioit, 
let  e  r  m  fig.  35  represent  the  sun's 
path  in  tlw  ecjuator,  and  t  c,  t'  c'  the 
same  iLt  the  ti'Opics ;  let  tn  r  be  a 
magnetic  meridian,  and  a  a',  i^,oo' 
places  of  equal  north  and  south  incli- 
nation on  opposite  Bidea  of  the  equa- 
tor.    Tlie  curven  of  uin^netLc  force 
seen  in  front  lu  Eg.  14,  ai'c  now  iu 
the  plane  of  the  magnetic  meridian, 
but  may  be  considered  as  rising  on 
opposite  Hides  of  the  equator  and 
coalescing  over  it.     If  the  air  on  all 
sides  were  in  Us  mean  condition  and 
"the  sun  entirely  away,  those  curves  would   be  in  the  vertical 
plane  m  r ;  or  if  the  sun  near  midday  vas  so  placed  that  the 
resultant  of  the  heated  and  change<l  atmnspherc  was  in  the 
nieridiiin  m  r,  though  effcctji  af  inclination  would  occur  (2922.), 
Btill  the  cnrrea  would  remain  in  the  same  vertical  plane.     But  if 
the  resultant  were  cither  to  the  cast  or  the  west  of  m  r,  variationa 
of  dcclinstion  would  he  produeed.     For  BuppoHC  the  aun  to  be 
advancing  from  the  east  or  r ;  because  it  gives  tlie  air  a  diama^- 
netic  coudltion,  the  lines  of  force  trould  tend  to  expand  (2877.), 
and  therefore  move  wratwnrd,  as  represented  in  the  meridian 
n  »;  ftud  the  deflection  caused  thereby  would  he  greatest  npcm. 
the  surface  of  tJie  enrth,  bceause  it  is  there  that  the  curves  as 
they  enter  the  earth  are  held  and  restrained  iu  respect  of  their 
normal  position  (2919.).     As  the  warmed  atmosphere  came  on, 
the  western  deflccliuu  would  increase  to  a  certain  cxtcDt,  and 
then  diminish  to  nothing  when  the  resultant  was  in  the  meridian ; 
but  as  the  latter  passed  on,  the  dcileetion  would  grrjw  up  nn  the 
eastern  side  of  m  s,  and,  after  attaining  a  maximum,  would  di- 
minish and  cease  as  the  wiirm  air  retreated. 
2930.  If  the  sun's  path  was  in  the  nortlietn  tropic,  I  c,  and 
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the  rcsultftut  lq  tbe  atmoeplicre  therefore  to  the  north  of  the 
itatiom  a  or  j,  though  that  would  moke  a  difference  in  the 
amount  u{  the  (icrlinatioti  variutinnj  il  nrouli]  not  alter  its  direc- 
tiurij  for  kIiII,  the  curves  <i  u'liiit]  i  t'  would  bear  to  the  west  us  the 
sun  came  op,  and  vrouhl  be  on  the  merirlian  when  the  resultant 
"Wss  there  also.  There  would  be  more  effect  produced  at  t  than 
'it  i',  but  the  eontmr)'  choracter  of  the  dip,  in  respect  of  the  aun's 
place,  vontd  not  alter  the  tlirectioa  of  the  declination  vntintion. 

29ftl.  A  cold  region  of  air  acting,  as  at  the  coming  on  of  night, 
upon  the  lines  of  magnetic  force  of  tht-  earth,  would,  hy  virtue  of 
ita  paramagnetic  character  (2805.) .  produce  corresponding  effect* 
both  uf  inclination  and  dccliuation,  hut  in  the  contrary  direction. 

2032.  Tbuti  the  lines  of  force  which  issue  from  tbe  cartli  at 
ill  places  upon  its  surface  where  there  is  any  dip,  will,  by  the 
kypothcaia,  under  the  daily  inllucncc  of  the  sun,  dc»cril)c  by 
their  ascending  parts  a  closed  curve  or  irregular  cone,  the  apex 
of  which  is  below.  As  a  fact  tliU  result  is  perfectly  well  known, 
but  it*  accordauoe  with  the  hypothesis  is  important  for  the  latter. 
The  mean  position  of  the  free  needle  will  be  in  the  axis  of  this 
cnrrc  or  cone,  and  its  return,  either  in  declination  or  inclination^ 
to  tbe  mean  is  an  important  iudicatiua  of  the  amount  and  position 
of  the  variable  forces  which  influence  it  at  such  times. 

2933.  My  hTpf)thejii,s  dors  not  at  all  assume  1  hat  the  heated  or 
cooled  air  hoa  l)Cfomc  magnetic  »o  as  to  act  directly  on  the 
needle  after  the  manner  of  a  piece  of  iron,  cither  magnetically 
polar  or  rendered  so  under  induction.  There  is  no  assumed 
polarity  of  the  oxygen  of  the  nir  other  than  the  conduction 
Dlartty  {2822. 2835.)  consequent  upon  a  slight  alteration  of  tbe 
direction  of  the  lines  of  force.  The  change  in  the  magnetic 
conducting  power  causes  tbia  duJlcction  of  the  lincAj  just  as  n 

arse  conductor  of  heat  introduced  into  a  medium  of  better 
ondnctiDg  power  disturbs  tbe  previous  equable  transfer  of  heat, 
givCR  a  new  direction  to  tiiat  which  is  conducted;  or  aa  in 
Btatic  electricity,  a  body  of  more  or  Icxa  specific  inductive  capacity 
introduced  into  a  uuiform  medium  disturbs  the  equable  lines  of 
force  which  were  previously  passing  across  it. 

2034.  The  wile  aetion  of  the  atmosphere  is  to  bend  the  lines 
(rf  force.  The  needle  being  held  by  these  lines  and,  when  freoj 
being  parallel  to  them,  changes,  in  position  with  the  changes  of 
the  lines.     It  is  not  ncccssar}-  ercn    that  the  lines,  which  are 
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imiDedintely  affected  id  direction  by  the  altered  air,  sliDuld  be 
those  aboat  the  needle,  but  may  be  veir  distant.  The  whole  of 
the  magnetic  lines  about  the  earth  arc  lield  by  their  matuat 
tension  in  one  connected  KQRitipe  tiy*tem^  vliich  has  no  shig- 
gialincsa  anywhere,  bnt  focU  in  every  part  a  change  in  any  one 
pgu-ticuliLr  ploon.  Ilicrr  may  be,  and  ie  continually,  &  new 
di»tiibutiouuf  force,  but  uo  eupprcssiou.  So  vhen  any  change 
in  dintctinn  hapi>ens,  near  or  distant,  the  needle  in  a  given  place 
will  feel  and  indicate  it,  and  that  the  more  senwbly  according  to 
the  riciuity  of  tlic  place  and  the  kind  ofelisnt^r  induced;  but 
the  diapoaiticm  of  the  whole  sratem  has  been  allectcd  at  the  same 
moment,  and  therefore  all  the  other  needle*  will  be  affected  in 
obedience  to  tltc  change  in  the  lines  of  force  which  govern  them 
individually. 

3935.  The  needle  in  a  balance  on  nliieh  all  the  mag'aetic  power 
around  a  given  locality  fuateua  itself^  even  to  tlic  antipotlca,  and 
it  ahowa  for  each  place  every  variation  in  their  amount  or  di8|K>- 
aition,  whether  tlmt  occurs  near  or  for  off.  It«  mean  position 
ia  the  norma)  position ;  and  aa  regnrdu  atntoAphcrie  changes, 
the  fiiatinn  of  the  lines  of  force  in  the  earth  (2!>1U.)  is  that  which 
tcnda  to  give  the  lines  a  ntandard  imsition  (exchuiivc  of  secular 
changes),  and  eo  bring  tbem  and  the  needle  hack  &om  their 
diatnrbod  to  their  normal  stjite.  Henoe,  whilst  conBidering  the 
canses  which  disturh  either  the  dcdinatiou  or  the  inclination, 
orlieit  the  importance  of  keeping  in  mind  the  mean  position  or 
place  of  the  needle  (2932.),  and  not  merely  the  direction  in  which 
it  is  moving. 

2936.  So  the  well-known  action  of  the  sun  on  the  needle  is, 
by  my  hypothesis,  veiy  indirect;  the  sun  at  n  given  place  affect* 
the  atmosphere ;  the  atmosphere  affects  the  direction  of  the 
lines  of  force ;  the  linca  of  force  there  affccrt  those  at  any  distance 
and  these  affect  the  ncedlcii  which  they  respectively  govern. 

'2'Jii7.  I  have,  for  the  sake  of  cunvenicnce  in  considering  a 
apecial  action  of  tlie  ntmospliere,  spokeu  of  the  resultant  in  the 
atmoephere  dependent  on  the  sun's  presence ;  and  will  do  so  a 
little  while  lon(;er  without  implying  any  direct  action  of  this 
resultant,  or  that  portion  of  air  which  yiclda  it,  upon  the  needle 
(2!J33-),  for  the  sake  of  considering  at  what  probable  height  it  is 
situated  in  the  air.  That  it  cannot  he  on  the  surface  of  the  earth, 
iashoMU  by  tlic  depression  of  the  lines  and  diminution  of  the 
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dip  at  St.  FIclcDa  and  Singapore  during  the  middle  of  the  day ; 
and  lli&t  it  is  uot  even  under  the  kiih,  U  shovu  by  the  manner 
in  which  the  greatest  nclion  precedes,  in  some  deprei',  the  tinn, 
as  at  Ilobarton  and  Toronto,  anil  other  plnx;i»i  by  different 
amounts  of  time;  neitlicr  the  time  when  the  sun  is  an  the  mcii- 
dioiij  uur  the  time  when  the  obserred  ti:m|)enLt,urc  is  Lij^hest 
(for  that  is  after  tlie  sun) ,  is  the  time  of  greatest  action,  but  one 
bcrare  either  of  thes<.>  ]icriodB.  The  changes  iu  the  !em()er»ture 
of  the  air  produced  hy  the  mm,  will  uot  take  place  below  nnd 
above  at  the  same  time.  The  upper  re^ons  of  tltc  atmosphere 
OTCT  a  given  npnt  arc  afTceted  by  the  sun  ut  bia  rising  and  after- 
wards, before  tlie  nir  iMtioir  is  hented ;  and  thercl'orc  the  effect 
from  above  vould  be  expected  to  precede  that  below.  TLe 
temperature  obscrred  on  the  cjirtli  dors  not  show  us,  for  the 
aame  time,  the  course  of  the  changes  above,  and  may  be  a  very 
imperfect  indication  of  tbem.  The  maximum  temperature  below 
is  often  two,  three,  or  four  houra  after  the  sun,  wliercasjwhatcrer 
lieat  the  sun  gives  by  his  rays  dirtrcily  to  the  atmosphere,  must 
be  acquired  far  more  rapidly  than  tbat.  It  is  very  probable 
and  almost  certain,  that  at  4  or  5  o'clock  a.m.  in  the  snmmej- 
months,  the  upper  regions  may  be  rising  in  temperature,  whilst 
on  the  surface  of  the  earth,  through  radiation  and  other  eniwcs, 
it  is  falling.  The  well-known  efTret  of  cold  jiist  licfore  suurlso 
in  some  parts  of  India,  and  even  in  our  country,  ix  iu  Favour  of 
vnch  a  suppoHiliou.  We  must  remember  that  it  is  not  the 
absolute  tcm[>crature  of  the  nir  at  auy  i^pot  that  renders  it  influ- 
ential in  producing  magnetic  variations,  but  the  diJfertnceJt  of 
temperature  between  it  and  tturroiinding  regions.  Iliough  the 
upper  regions  be  colder  than  tlie  lower,  their  changcti  may  be  as 
great  or  greater;  they  happen  ut  u  range  of  temperature  which 
in  probably  more  influential  ihuii  u  higher  range  (20G7.)  ;  and, 
what  is  of  importance,  they  occur  more  quickly  and  directly 
upon  the  presence  of  the  siui.  The  quantity  of  heat  which  the 
atmosphere  can  take  directly  from  the  snnN  rays.  Is  indicated  by 
the  different  proportions  we  receive  from  him  when  be  is  either 
vortical  or  oblique  to  us,  and  mi  sending  bis  beams  tbroagh  lca8 
or  more  air ;  and  when  he  has  departed,  the  upper  parts  of  the 
air  are  far  more  fa%'oiirably  circumstatioed  fur  rapid  cooling  by 
radiation  than  the  portions  below.  So  that  the  final  ebange-s 
may  be  as  great  or  greater  than  below,  and  we  may  Icani  little 
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of  thrm,  or  tbeir  order,  or  time,  bj  observations  of  temperature 
at  tbc  cartli's  surface,  la  addition  therefore  to  obserrations  of 
mii(fnetioeflpot.  as  depressiou  of  tlie  lines  of  force  at  S(.  Elelena, 
&c,  tbcrc  are  ft[)pareiitly  rt3L»on»  deducible  from  plivsical  eaiises, 
wLj  tbc  rbief  scat  of  action  »honld  besboTc  in  the  atmoiiphcre. 

2038.  lu  the  midday  cScct  the  upper  end  of  the  ucedlc  passes 
the  mean  position  (2935.)  on  it*  return  to  the  past  generally 
before  the  sua  ptunes  the  meridian  going  westward.  At  Toronto 
it  is  about  an  hour  in  advance;  at  St.  Helena  and  Washington 
an  hour  aud  a  half;  nt  Grceiiwicb  uiid  l*cter»hurjj  two  haunt ; 
at  Ilubarlon  atid  the  Cape  of  Good  Hope  the  passage  it  about 
noon.  SuL-h  results  ap|>ear  to  indicate  that  the  place  of  maximum 
action  is  in  advauee  of  the  sun  ;  nnd  it  probably  is  bo  in  some 
degree,  but  not  to  much  a»  at  first  may  be  sui>poiscd,  as  will 
appear  I  think  from  the  fallowing  considerations. 

^039.  The  prccefl«ion  of  the  time  of  maximum  action  may 
depend  in  part  upon  some  enieh  condition  m  the  following.  As 
Ihc  sun  adTancen  towards  and  passes  over  a  meridian,  the  air  ta 
first  raided  in  temperature  ond  then  allowed  to  fall,  and  these 
actionn  produce  the  diflcrenecs  in  different  plaocs  an  which  the 
magnetic  variations  (li:iiend.  But  they  dcjKtid  also  upon  the 
tuddemeas  with  which  or  the  vicinity  at  which  these  differences 
occur.  Thus  two  masses  of  air,  baring  equal  difffrences  of 
temperature,  will  afi'eet  the  lines  oE  force  more  if  ibcy  be  near 
together,  and  to  tbc  needle,  than  if  they  be  for  apart.  And  again, 
if  a  body  of  air  were  of  a  certain  low  temperature  at  one  part, 
end,  proceeding:  homoutally,  were  to  increase  rapidly  to  a  certain 
high  temperature  and  then  diminish  slowly  to  the  first  low  tem- 
perature, such  a  Ijody  passing  across  a  set  of  lines  of  magnetic 
force  would  affect  them  in  opposite  directions  at  a  fon;  ancl  after 
part ;  but  it  would  affect  them  most  on  the  rapidly  altering  aide. 

SyiO.  Now  the  air  as  heated  by  the  sun  must  be  iu  this 
comiiliou.  According  to  analogy  with  solid  and  liquid  bodies, 
being  exposed  to  heat  and  then  withdrawn,  the  changes  of 
temi>erat«re  that  it  would  undergo  would  be  more  rapid  iu  tbe 
elevation  than  in  tfac  faJliug,  and  no  the  changes  in  tJie  pre- 
ceding would  bo  more  rapid  than  in  the  following  parts.  To 
this  would  he  addal  the  effect  of  the  atmosphere  warmed 
by  the  earth ;  for  il»  that  ia  slower  in  attaining  heat,  as  is 
tbowu  by  the  time  of   maximum  tt-m]>craturc  bo   its  effects 
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being  gradually  communicated  to  tke  air  aboTej  U  the  sua 
passed  away,  would  tcud  to  retard  ila  fall  and  caUrge  the  dif- 
ference alrewty  spoken  of.  Applying  these  cnnsiiderations  to 
the  natural  case,  the  atrougcst  cflL-ct  and  tlie  greaiest  variatioa 
should  be  towards  tl»e  weat,  and  the  fbltowing  or  lesser  action 
towards  the  cast  of  the  sim ;  and  tlic  mean  coudition  of  the 
needle  for  the  vholc  change  would  be  in  advance  of  that  body. 

29tl.  Mr.  Bronn  has  made  observations  of  the  daily  variation 
at  difffrcut  heights,  namel),  at  Makerstoun  and  the  top  of  the 
Cheviot  Hilla,  where  the  height  differs  by  nearly  half  a  miie, 
and  finds,  1  believe,  no  difference  in  the  intcneity,  but  that  the 
progress  is  jirat  at  the  higher  station.  It  would  be  very  inter- 
esting to  have  an  observatory  up  ahove,  but  to  give  the  results 
required  it  should  have  air  and  not  Bolid  matttT  bL-neath  it. 

^942.  'ilicre  is  another  circumBtmice  which  iuiportatitly  influ- 
ences the  timtB  of  the  pasoajiccs  of  the  decliuation  variation.  If 
two  places  north  and  south  of  the  equator  have  equal  dip  and 
contrary  deelinatious,  i.  e.  if  both  their  upper  ends  point  cast  or 
west,  then  the  eflccts  ought  to  correspond  and  form  a  pair.  But 
if  hotfa  have  cast  or  west  drclination,  according  to  the  usual  mode 
of  marking  this  effect  by  the  north  end  of  the  magnet,  then  the 
Tariations  already  deseribcd  should  conic  on  as  the  sun  pnsscB 
midway  between  them,  but  there  .ihnnld  be  a  difference  in  time. 
As  the  luminary  appeam  and  appmaches,  the  needles  a  and  A 
(fig.  16)  will  most  probably  be  Kg, !«. 

"affected  together ;  but,  as  he 
draws  nigh,  if  the  places  have 
eastern  declination,  the  one 
that  is  south  will  be  soonest 
affected,  and  for  the  time  most 
itronglj,   bat  will    in  a   period 

more  or  less  extended,  be  foI-^__ j.*./.. 

lowed  by  the  corresponding 
action  at  the  other  place.  For 
as  each  ncL-dlc  will  have  return- 
ed from  the  first  half  of  its 
series  of  changes  to  0^  by  the 
time  the  sun  is  on  its  magnetic 
nteridian,  and  as  it  will  arrive 
at  this  meridian,  aa  regards  the 
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sontli  needle,  before  it  docs  so  for  the  nortli  needle,  so  the  south 
magnet  should  prccc(3e  the  other  in  ita  change*.  If  the  dcdioa- 
tion  of  both  were  vcatcrljj  then  the  north  needle  iroutd  precede 
the  south. 

2913.  The  hypothms  advnnnHl,  beiidea  agreeing  with  the 
facta  rngarrling  the  direction  of  the  needle's  motions,  as  is  the 
cose  generally,  and  if  my  hopes  are  well-founded,  will  be  the 
case  aloo  in  more  careful  compaiisons;  should  also  agree  in  the 
amount  of  force  required  for  the  obsen'ed  declinations  at  giren 
hours.  I  faave  endeavoured  to  obt^n  experimental  cridcncc  of 
tlir  difference  of  nrlion  of  oxygen  and  nitrogen  ou  needlea  sub- 
jected to  the  earth's  power,  but  have  not  yet  succeeded.  Tbia 
however  is  not  surprising,  since  a  saturated  solution  of  proto- 
sulphatc  of  iron  has  failed  under  the  eameoircumstanccs.  Mcne 
delicate  apparatus  may  perhaps  yield  a  positive  result. 

2944.  That  small  maflacA  of  oxygen  should  not  give  an  tndi- 
cution  of  that  which  is  ehuwn  by  the  atmOepLere  as  a  whole  is 
not  surprising,  if  we  consider  that  the  mass  of  air  is  exceeding 
great,  and  includes  a  vast  extent  of  the  curves  on  vhicfa  it,  by 
the  hypotheais,  nets  ;  and  yet  that  the  effect  to  lie  accounted  for 
is  exceeding  small.  The  extreme  declination  at  Greenwich  is 
1 2'j  equal  to  ahnut  4*  SI"  of  east  aud  west  alteration  on  the  free 
needle,  eo  that  that  is  the  whole  of  what  has  to  be  accounted  for. 
One  could  aeareoly  expect  aueh  an  effect  to  be  shown  by  amall 
ma!«ses  of  oxygen  and  nitrogen  acting  on  only  a  few  inobea  in 
length  of  the  magnetic  curves  parsing  thniugh  them,  unless  one 
could  UBC  an  apparatus  of  estrenie  aud  almost  iuliuitc  ccnaibility ; 
but  from  what  I  have  seen  of  oxygen  when  compared  at  dif- 
ferent degrees  of  dilution  (2780.),  or  at  diffcrtnl  temperatures 
(286J.),  I  am  led  to  believe  that  the  effects  on  it  produced  by 
the  sun  in  the  atmusphcro  will  nltinutely  lie  found  competent 
to  produce  these  variatioiia. 

2915.  'N^'horo  tlio  air  ia  changed  in  temperature  or  «-olnme, 
there  it  acts  and  there  it  alters  the  directions  of  the  lina<>  of 
force;  and  these  by  their  tension  carry  on  the  cflect  to  more 
distant  lines  (2934.),  whose  nced)c«  are  accordingly  affected. 
The  tranaferred  effect  will  be  greater  or  lew  according  as  the 
distances  are  less  or  greater,  and  henc'c  a  change  near  at  hand 
may  overpower  that  at  a  distance,  and  a  cloud  close  to  aatatiou 
may  for  the  moment  do  more  than  the  rising  sun.     These  are 
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iliG  irregular  Tariatioos  j  and  the  extent  of  tlieir  influence  \%  vieW. 
shown  bj  the  pliotographic  records  of  Greenwich  aud  Toronto. 
The  volume  of  Greenwich  Oboervationsfor  1817  contains  a  pho- 
tographic record  of  the  dccHaatiun  changes,  Fcbrunry  18 — 19, 
18  i9.  Between  6  and  7  o'clock  tlicrc  is  a  variation  of  16'  occur- 
ring in  18  minutCH  of  time,  or  at  the  rate  nearly  of  1'  for  each 
minute  of  time.  The  course  of  the  mean  variation  for  the  same 
date  and  time  is  1''95  in  two  hours,  or  at  tfao  rate  of  I  sccoud  fur 
each  minute  of  time,  »o  that  the  irre^ar  rariatioa  [which  may 
be  con*idercd  as  a  local  variation  in  respect  of  the  sun's  power 
for  thotime)  is  sixty  times  that  due  to  the  effect  of  the  great 
resultant  ;  moreover  it  was  in  the  rfvcrsc  din-ction,  for  the  trm- 
pnrary  variutifm  was  frum  cast  to  ncst,  whilst  the  mcau  variation 
was  from  west  to  eaat. 

2!>Uj.  .Another  mode  of  showing  how  much  the  action  of  nearer 
portions  of  the  ntuiosphcre  may  overpower  and  hide  the  effi-ct  of 
the  whole  mass,  is  to  draw  the  line  of  mean  variatioo  for  the 
twenty-four  houm  thn>u-;h  such  a  photographic  record  as  that  just 
referred  to,  and  then  it  will  be  seen  iu  crcrr  part  of  the  course  how 
small  the  mcau  efTcct  on  the  needle  is,  coiu[mrod  to  the  irregular 
or  (Mmparatively  local  effect  for  the  same  moment  of  time.  The 
niaguct  with  which  thcw  observations  were  made,  is  a  bar  of 
steel  2  feet  longi  1}  inch  broad  and  a  quarter  of  an  inch  thick, 
and  therefore  not  obedient  to  siiddcQ  impulses;  it  is  probable 
that  a  short,  quick  magnet  would  show  numerous  cases  in  which 
the  irregular  variatiou  would  he  several  liiindrcd  of  times  greater 
than  the  mean.  Still  all  these  irrcgutarilica  and  overpowering 
inducncca  of  near  masses  arc  eliminated  by  taking  the  mean  of 
several  years'  observations,  and  thus  a  tme  result  is  obtained,  to 
which  the  hypothesis  Mlvaiiccd  may  be  applied  and  so  tested. 


2947.  Returning  for  a  short  time  to  the  annual  varintion 
(2R82.]t  I  [nay  obncrvc,  that  it  has  been  a  good  deal  couHidcrcd 
in  discmsiug  tbc  daily  variation.  The  arrniigemeut  of  the  mag- 
netic effet^ta  by  Cohmel  Sahiue  at  Hubartuu,  Toronto,  St.  liclcna, 
and  ebewfaerSj  into  mouthly  portions,  proves  cxccc<lingly  iu- 
stmctiTe  and  important,  especially  for  places  between  and  near 
the  tropics.  It  supplies  that  kind  of  analysis  of  tbc  uimual 
Tuiation  which  is  given  by  the  hours  for  the  daily  variation. 
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Every  month,  by  a  coropariaott  of  its  cun-c  with  those  of  other 
monthi,  t«lb  its  ova  story,  at  the  same  time  that  it  links  iu 
predcceMor  and  snceewor  together. 

^iS.  T  Hh:ill  have  occasion  to  trace  theie  monthly  meatu 
IcrenfUar;  but  in  the  mcatotinie  refer  to  the  effect  of  the  snn's 
annual  Approach  and  rcceaaion  indicated  by  these  mean?,  ais 
according  with  the  hypothesis  in  rc»j>cet  of  near  and  diBtunt 
actions  (2945.).  Hobarton  and  Toronto  are  in  opposite  bemi- 
■phcres,  so  that  the  »im  whilut  approaching  one  rceedea  from 
the  other,  and  the  amount  of  vuriations  tliorcforc  rlmngia  in 
Opposite  directions.  Below  is  the  average  for  each  month,  de- 
rived in  the  cane  of  Hobarton  from  a  mean  of  seven  years,  and 
in  that  of  Toronto  from  a  mean  of  two  years. 

H«barton.     Ut.  ^2^  62-5  S.      Taronto.    Ut.  43"  3Sr-35  N. 


January  . 
February  . 
March  . 
April  .  . 
May  .  . 
June  .  . 
July  .  . 
August 
September 
October  . 
November 
December 


11-66 6-51 

11-80 6-40 

9-50 8-50 

7-26 9-52 

4-56 10-34 

3-70  Winter.    .     .     .11-99 

4*61 12'70  Summer. 

5-80 12*68 

8-24 9-73 

11-01 7-69 


12-05  Summer 


■75 


11-81 4-47  Winter. 

The  two  stations  ase  in  latitudes  differing  only  47'  from  each 
other;  and  the  extreme  difference  of  the  atmospheric  effect  be- 
tween summpr  and  winter  differs  as  little,  being  at  Hobarton, - 
which  has  the  highest  latitude,  8'-35,  and  at  Toronto  8'-28. 

2910.  According  to  Dove,  the  northern  hemisphere  la  warmer 
in  July  than  the  southern  hemisphere  by  l'''-^  Fahr.,and  colder 
in  winter  by  only  lO"*? ;  the  numbers  being  as  follows  : — 

Jnly.  Northern  hemisphere  n-Ox^.^  ^,^^  ^j,^,^    ,^^ 

Southern  hemisphere  53-fl  J 

Jauuiury.     Northern  hemisphere  48-nB4-13  the  whole  globe. 
Southern  hemisphere  59-3/ 

The  mean  for  the  whole  year  is  S9°'9  for  the  northern  hemisphere, 
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and  SQ^'o  far  the  southem.  Therefore,  as  Dorc  further  sbovsj 
the  whole  enrth  is  in  July,  when  tbc  sun  is  shioiEg  over  the  ter- 
raqneouH  parts,  S*^  higher  in  tcni peratiin;  than  in  January,  when 
it  is  ovLT  tbc  watery  regiuns :  and  from  the  iuflucueu  of  the 
same  cause,  the  meau  of  the  souLberu  hemisphere  is  ^\  hclow 
the  mean  of  the  northern  haif  oF  the  globe.  Tbc  iliffcrencc  be- 
tween Jannnry  and  July  is  for  the  nortlicm  hemisphere  32'^'2, 
and  for  tbe  soutbem  only  5°'9.  These  differences  are  so  pecu- 
liar in  their  arrangement  and  so  lar^  In  amount,  that  thuy 
must  have  an  effect  upon  the  clisthhutiou  of  tliu  magud.!c  furt-'es 
of  the  earth,  but  tbe  d.ita  are  not  yet  sufHcient  to  enable  one 
to  trace  the  rceultii.  Subine  iudicab»  a  probability  from  his 
analysis  of  obseri'atious,  that  tbc  sum  of  tbe  eai'th's  mugiietic 
force  is  increased  in  intensity  when  the  bud  is  in  the  southern 
■ignfl,  i.e.  in  our  wintpr  (2891.)-  I  should  have  expected  from 
theory  that  such  results  iroutd  have  been  the  case,  at  least  in 
those  pnrts  where  the  dip  was  not  very  grent;  because  a  colder 
atmosphere  ought  to  conduct  the  linea  of  magnetic  force  better, 
and  therefore  the  systems  round  tbc  earth  ought  at  such  a  time 
to  condense,  as  it  were,  in  tbe  cooler  parts.  It  would  ho  doubt- 
ful, however,  whether  the  needle  would  show  this  dtScrcncc, 
because  the  lines  of  power  would  not  be  restrained  above,  as  in 
the  case  formerly  supposed  (^23.),  but  could  gather  in  from 
space  Freely.  From  what  has  been  said,  however,  it  will  be  evi- 
dent that  sucb  a  conclusion  can  only  be  drawn  with  any  degree 
of  confidence  &om  observatiom  made  pretty  equally  over  both 
hemispberea. 

3950.  If  we  should  ever  attain  a  gocxl  knowledge  of  the  an- 
nnal  rariation  for  several  stations  iu  difiVreut  parts  of  both  hemi- 
spheres, it  would  help  to  give  data  by  which  the  depth  at  which 
the  magnetic  power  i«  virtually  situated  might  be  estimated;  for, 
as  this  power  is  expected  to  undergo  undiUations  over  very  large 
portiuus  of  the  earth's  iturface  by  tbe  annual  changes  of  tenipe- 
ratore  (2884.),  so  they  would  dilTtr  iu  character  and  citcat  ac- 
cording an  the  origin  of  the  lines  should  prove  to  he  more  orlesa 
deeply  attoatcd. 


2951.  With  regard  to  tbc  many  variations  of  magnetic  force, 
not  periodic  or  not  so  in  relation  to  the  sun,  which  yet  produce 
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tbe  irrcgnlar  and  OTcrruIing  chnngca  already  referred  to  (2945.)i 
deijcndent,  u  I  suppose,  on  local  variation*  of  the  atmosphere, 
I  may  be  nllovod  to  notice  briefly  such  points  as  hare  oociirrcd 
to  my  miud. 

2952.  The  varying  presntre  of  tbe  atmosphere,  m-cr  a  giYcn 
part  of  thr  earth's  siirfarr,  ought  tti  cfttinc  a  varintion  iu  the  msig- 
netic  conditiim  of  that  part  of  the  earth.  It  i»  represented  to 
us  by  a  diftercoce  of  3  inclies  of  mercury,  or  one-tenth  of 
the  weight  of  th(>  alrnosphoro.  Now  tbe  osygeu  in  a  gircn 
apace  is  parama^etic  in  proportion  to  its  quautity  (2780.) ,  and 
tberefora  it  does  not  Beem  poaaiblc  that  that  quantity  o%-er  a 
given  ipacc  of  the  cartli's  surface,  whether  it  be  recognised  by 
Tolume  as  above,  or  by  weight  ns  in  a  given  volume  at  the  earth'a 
surface,  should  be  varied  to  the  extent  of  one-lentli  of  the  whole 
sum  without  produi'ing  a  corresponding  alteratiou  iu  thu  distri- 
bution of  the  magnetic  force;  the  liu&s  being  drawn  together  and 
the  force  made  more  intense  by  an  increase  of  the  quantity  or  of 
the  barometric  pressure,  and  the  re»'cr«c  effects  produced  at  tbe 
occurrence  of  diminished  pressure. 

SO^a.  At  any  spot  which  is  towards  the  confines  ofthat  space 
■where  the  air  m  iucrcflsjiig  or  dimininbing  in  pressure,  there 
vill  probably  occur  variations  in  tlic  directions  of  the  lines  of 
forcp,  mill  these  will  be  more  marked  at  such  places  as  happen 
to  he  between  two  others,  in  one  of  which  atmosphere  is  accu- 
mulating, whilst  fnim  tlicotbcrit  is  retreating.  Whether  tiuae 
clian;,'t-s  (whicb  I  think  must  occur)  produce  by  vicinity,  effect* 
large  enough  to  become  sciistblo  in  our  magnetic  instrument*, 
is  a  qnestiou  to  bo  resolved  hereafter.  To  suggest  the  cause  ia 
uaefiil,  beeautc  to  know  of  the  existence,  nature,  and  action  of  a 
cauae,  is  important  to  the  arrangement  of  the  bctst  means  of  ob- 
oenring  and  evolving  its  effects. 

S95't.  Winds  and  Utrye  eurrenta  of  air  above  may  often  be 
accompanied  by  magnetic  changes  if  they  endure  for  a  time 
only.  A  constant  stream  like  the  trade-wind,  may  hare  a  con- 
atant  effect;  but  if,  when  tbe  arrangement  of  the  lines  of  mag- 
netic force  throngh  the  atmosphere  is  in  a  gircn  state  con- 
sequent upon  the  condition  of  the  atmosphoic  at  that  time,  a 
wind  arises  which  mixes  regions  of  cold  and  warm  air  together, 
or  makes  the  air  more  dense  in  one  region  than  auolfaer,  or  pro- 
ceeding from  one  to  another,  balances  regions  wliicb  before  were 
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in  different  conditions^  then  every  such  cSiange  will  be  accom- 
pAuied  by  a  corrcttpnnding  change  in  the  dispositioa  of  the  mag- 
netic force,  to  which  we  may  perhaps  licreufter  be  able  to  refer 
hy  means  of  ottr  iaatrumcnts.  Even  tides  iu  the  air  ought  to 
produce  an  effect,  though  it  nuiy  be  fur  too  Kmall  to  be  rendered 
tennible. 

2955.  The  precipitation  of  rain  or  mtow  is  a  theoretical  reason 
for  the  change  (if  moguelic  relations  io  the  space  vhcrc  it  tnkea 
place ;  becnuac;  it  alters  the  temperature  where  such  prccipita- 
tton  occurs,  and  fl-Ul-vl's  it  from  a  i[uautitr  of  lUluting  liiamag- 
netic  or  neutral  matter.  A  chilliny  katl'Stortn  vut/ht  uffuct  the 
needle  in  a  summer's  day.  CioutU  may  have  a  sensible  influence 
in  several  waj-s;  acting  at  one  time  by  their  diS'crence  from 
neighbouring  rcgioiu  of  clear  air,  and  at  other  times  by  absorb- 
ing thi>  nun's  rays,  and  causinfr  the  evolution  of  sensible  heat  at 
different  attitudes  iu  the  atniusiihere  at  diff«rcnt  places,  or  pre- 
venting its  evolutioi  more  or  ies«  at  the  surface  of  the  earth. 
,  91icMe  maasee  of  vrarmcr  or  colder  air  of  which  meteorologists 
^'•pealc,  which  being  tran8|mrent  are  not  Ben«iblc  to  the  eye,  will 
produce  their  proportionate  effect.  And  hypothetical  1y  «peaking, 
It  is  not  absolutely  impowiblc  that  the  hot  and  partially  deoxy- 
genatrd  air  of  a  large  town  like  [jondon,  may  affect  instrumcnta 
in  its  vicinity;  and  il'  so,  it  will  affect  ttieiu  dillurcutly  at  dif- 
ferent timea,  according  to  the  direction  of  the  wind. 

21)56.  If  one  imagines  on  the  surface  of  the  eiirth  a  sjiot  whioll 

shall  represent  the  resultant  there  of  the  atmospheric  actions 

shore,  and  can  conceive  it*  course  as  it  wanders  to  and  fro, 

under  the  influence  of  the  various  causes  of  action  which  bavo 

been  in  part  referred  to,  whilst  it  still  travpis  nnwnnU  with  the 

aun,  one  may  huvt;  an  idea  of  the  niauucr  iu  which  it  may  afFei:t 

tbe  various  observatories  acntlered   over  the  earth.     I  believe 

,  that  its  course,  as  rcgnrda  the  eaet  and  west  direction  of  ita 

'irandcringB,  is  portly  told  iu  the  photographic  rcgistcrings  of 

Greenwich  and  Toronto,  being  there  mingled  in  effect  with  other 

causes  of  variation.     Thii*  spot  may  be  concentrated  or  diffuse ; 

it  may  pass  away  and  reappear  elsewhere ;  there  may  even  be 

two  or  more  at  once  sut&cicntly  strung  to  uiuse  vibrations  of  the 

,  necdlo  between  them. 

2957.  The  aurora  borealis  or  australis  can  hardly  be  indepen- 
pent  uf  the  magnetic  constitution  of  the  atmosphere,  occnrring 
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as  it  docs  williin  its  rcgioiu,  mud  perhaps  in  the  space  above. 
The  place  of  tlie  nurora  in  generally  id  Uiobc  lutittidcH  tlie  air  of 
whicb  has  a  distmct  magnetic  njlatioii,  by  difference  of  tcnipem- 
tare  and  quantity,  to  that  at  the  equator,  and  the  ma^ietic  cha- 
racter both  of  the  aurora  ami  of  the  medium  in  which  it  occurs 
tics  them  together ;  thercforej  to  be  aware  of  and  to  onderataod 
in  some  degree  the  latter,  will  probably  direct  ub  to  a  bettercom- 
prehensioQ  of  the  former-  The  aurora  ia  already  conucctcd  with 
ma^ictic  dinturhaneca  and  storms;  it  may  intimeoonncct  them 
with  chaugcs  iu  the  utmo»|>heru  lu  a  manner  not  at  present  an- 
ticipated, and  a«  the  suggestion  is  founded  upon  principle  it  seems 
deserting  of  conHidcmlion. 

2958.  Can  the  magnetic  storms  of  Humboldt  be  due  to  atmo- 
Bphcric  chuiiges  ?  This  is  a  question  on  which  I  would  offer  the 
foLlowinf;  u1>si-rrattoiis.  Supposing  a  ma^ctic  rest  in  the  at- 
mosphtrCjOnd  that  all  local  or  irregular  rariatiumi  remained  un- 
ebiuigeil  for  the  time,  then  if  a  change  happened  in  one  place  it 
would  be  felt  instautly  CTcrywhcre  else  over  the  whole  earth, 
and  in  proportion  to  the  distance  fram  the  place  of  change.  It 
would  Ijc  felt  instnntly,  bccansc  the  impulse  would  not  be  con- 
veyed chiefly  or  iuiiwrtautly  through  the  matter  of  the  earth  or 
air,  but  through  the  space  above,  for  the  linen  there  are  aflToctcd 
by  changes  in  that  part  of  them  wjiich  passes  through  the  at- 
muspherc,  and,  at  I  conceive,  would  affect  the  other  hues  in  space 
round  our  globe,  which  would  in  turn  affect  those  parts  of  their 
lines,  which,  passing  downwards  to  the  earth,  govern  the  ncedlea 
below.  In  space,  I  conceive  that  the  magnetic  lines  of  force,  not 
being  dependent  on  or  associated  with  matter  {2787.  2917.), 
would  have  their  changes  transmitted  with  the  velocity  of  light, 
or  even  with  that  higher  velocity  or  imstftntimcity  which  wc  sup- 
pose to  belong  to  the  lines  of  gravitating  force,  and  if  so,  then  a 
mJtguetic  distorbanee  at  oue  place  would  be  felt  instantaneously 
over  the  %t1io1(!  globe. 

29^9.  Dut  the  difficulty  is  to  conceive  an  atmospheric  change 
Bufficieatly  extensive  and  sudden  to  make  itself  perceived  everj*- 
whcrc  at  the  same  time  amongst  the  comparatively  local  varia- 
tions that  are  eoutiiiuully  oeeurring.  Still,  if  there  were  a  lull 
in  these  disturbances  by  the  opposition  of  contrary  actions  or 
otherwise  for  the  same  moment  of  time  at  two  or  more  places, 
those  places  might  show  a  simultaueous  effect  of  distuj-bauce. 
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and  that  cren  vhra  the  cause  might  be  very  little  or  not  at  all 
aensibtein  the  place  where  it  occurred.  A  simultaneoas  cluiD^ 
over  an  area  of  GOO  or  800  miles  in  diameter,  might  produce  less 
alteration  in  the  middle  uf  that  area  than  at  tlie  extremitiea  of 
radii  of  lOOO  miles. 

S960.  It  becomes  a  fair  question  of  principle  to  inquire  bov 
far  masses  of  the  air  may  be  moved  by  the  ]jower  of  the  miig> 
netic  force  which  perradea  them.  When  twu  bulbs  of  oxygen 
in  different  states  of  densicy  are  subjected  to  a  ponerfiil  magoet 
with  an  intense  field  of  force,  the  mechanical  displacement  of 
one  by  the  other  is  most  striking.  Whether  in  nature  the 
enormous  volumes  of  air  concerned,  and  the  ditt'creuec  in  inten- 
sity of  the  earth'a  magnetic  force  at  the  different  latitude!!  where 
these  may  be  supposed  to  be  located^  combined  with  the  differ- 
CQCC  of  temperature,  arc  sufficient  to  compeutiate  fur  the  small 
portions  of  oxygen  in  the  air  and  the  smaller  variations  in  den- 
sity, is  a  matter  that  cannot  at  present  bo  detcriuincd.  The 
differential  result  of  motion,  as  biui  been  shown,  hi  very  great 
irhere  the  direct  result,  as  of  compression,  is  not  merely  very 
small  but  Qotliiug  (2774.  2750.))  nod  the  atmoaphcrc  isaregioa 
vberc  the  differential  action  of  enormous  masses  is  concerned. 

2061.  Now  in  the  matter  of  difference  of  intensity,  Gav-Lua- 
tac  and  Biot  conclude  fmm  tlieir  ohservatioiiN  ',  that  the  mag- 
netic force  is  the  same  at  a  height  of  four  mih^  ax  at  the  surface 
of  the  earth.  £1.  Kupffer,  however,  draws  from  Uay<Lus8Qc*i 
results  the  conclusion,  that  there  was  a  tittle  diminution,  and 
Professor  Forbes,  from  hiu  cxpcrimcuta  made  in  different  parts 
of  Europe',  concludes  that  there  is  a  decrease  of  the  force  up- 
vards.  Such  decrease  may  be  n  real  consequence  due  to  the 
difference  of  dintuuce  from  the  source  of  the  terrMtnal  magnetic 
force;  or,  as  i«  more  likely,  it  may  be  dne  to  the  different 
proportions  of  oxygen  there  and  at  tlie  snrfaee  of  the  earth. 
According  to  Gay-Lussac's  account  of  the  air  brought  from 
above,  ii  was  an  OS  to  10,  compared  with  the  density  )m!Ioiv. 
Hence  the  paramagnetic  power,  added  to  space  in  the  place 
above,  from  whence  the  air  was  taken,  would  not  be  mor« 
than  one-half  of  that  added  by  the  presence  of  the  denser  atmo- 
sphere below.     This  I  think  ought  to  malie  achange  in  Ihedis- 

'  Ananlee  Aa  ('himie,  Anr.  xili.  vol.  Ui.  p.  SO. 
■  £4ia.  Phil.  Ttaot.  183t),  vol.  aiv.  p.  25^ 
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tributinn  of  the  magnetic  force  ;  it  wouM  almuet  oertaialy  do  so 
at  the  ei{uutor,  vrhcre  tlie  Hues  of  force  are  parallel  to  the  gcue- 
rnl  diroccion  of  tiii:  atmonplierc  (SSSl.);  aiul  I  think  it  would 
du  HO,  OS  to  the  liorlzoutal  couijiotieDt,  in  tbe  lutitude  wbere 
Gay-L\i!>9ac  and  Biot  made  tlieir  aerial  Toya^M.  It  i>  also  jiut 
po^iiblf;  that  the  observeni  mav  have  been  iu  such  relation  to 
the  hpstet]  or  ociultxl  air  about  them  us  to  Lave  had  thedider^uce 
obserrcd  prutlueed,  or  rather  affected,  bv  8<Mue  of  tlw  circum- 
stances just  de.-*eribed  (Sd.*!!.)- 

20G2.  M'iicther  the  result  obtained  by  Gay-Lmaac  and  Riot 
indicate  a  chftnsje  of  power  due  to  distance  or  not,  this  we  know, 
that  there  nre  f^reat  rliang4>s  from  the  magnetic  equator  toward 
the  north  and  soutli ;  and  that,  as  llumbuldt  and  BesseJ  aay, 
it  is  (loiihlcd  in  proecediug  Ironi  the  equator  to  the  wettera  limits 
of  Buftin's  Bny.  And  wlieQ  »o  little  ae  one-third  of  a  cubic  ttich 
of  oxygen  can  exert  a  foreo  equal  to  the  tenth  of  a  grain,  subject 
to  the  action  of  our  powerful  magnet,  we  may  well  conceive  that 
the  eonrmnuti  kutu  of  oxygen  prcstnit,  in  only  a  few  miles  of  hcatcfl 
or  conlcd  atmosphere,  eun  compensate  for  the  great  difference  of 
mugnctac  force,  audio  by  ohauRc  of  place,  cause  currcutii  of  wiuda 
having  their  origin  in  magnetic  power.  In  RUch  a  case  we  should 
have  a  relation  of  tnugnets  to  stormtt ;  and  the  magnetic  force  of 
the  Ciirtli  would  have  to  do  with  the  mcehuiical  adjuBtmeiits  and 
variations  of  the  atmosphere, sometimes  causing  currents  which 
without  it  might  not  exist,  and  at  other  times  oppoHing  those 
whieli  might  else  nrisp,  according  as  the  great  differential  rela- 
tions by  whieh  it  would  act  (2757.)  should  combine  with  or  op- 
pose the  other  uaturml  causes  of  motion  in  the  air.  Such  move* 
ments  would  react  ujion  the  magnetic  forces,  so  that  these  iruuld 
readjust  thcmeclrcs,  and  so  there  would  be  magnetic  storms, 
both  material  and  potential,  in  the  atmosphere,  an  there  ore  aup* 
posed  to  be  of  the  latter  kind  in  the  earth. 

20()^.  Iu  brttiging  ibis  communication  tn  a  clocr,  I  have  to 
express  my  obligations  Lo  two  kind  and  able  friends.  Colonel 
Sabine  and  Professor  Christie,  for  tlie  iutcrcst  they  bare  tukcti 
in  the  subject,  and  on  the  part  of  the  former  for  the  extreme 
faciliticK  afforded  me  in  the  u»eof  o1>serA-atioutf  aud  the  data  de- 
rived from  them  ;  but  in  doing  sol  must  be  careful  not  to  convey 
any  idea  that  they  arc  at  all  responsible  for  the  peculiar  views 
I  have  ventured  to  put  forth.    1  may  well  acknowledge  that  much 
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whidi  I  htvt  written  has  been  upon  Ter;  ioBufficient  considera- 
tioD  ;  but  liopiDg  that  there  might  be  some  foandation  of  tmth 
in  the  ac4^ou□t  of  the  phyajc&l  cause  of  the  rarintions  whioh  I 
have  ventured  to  cnggcat,  I  have  not  hesitated  to  put  it  forth, 
trusting  that  it  might  he  for  the  advantage  of  science.  The  mag- 
netic propcrtii'-s  and  relatiuna  of  oxrgen  are  perfectly  clear  iind 
dimtiuct,  and  are  cstubliahed  by  experiment  (2774.  ^780.)  ;  and 
it  is  DO  ansuraption  to  carry  these  proiicrties  into  the  atmosphere, 
becaose  the  atmosphere,  as  a  mere  mixture  of  oxygen  aiid  ni- 
trogen, is  shon-n  to  possess  them  al«o  (2H62.)  '.  It  varies  in  its 
magnetic  powcm,  by  causes  which  act  upon  it  under  natunil  cir- 
cumstances, and  make  it  able  to  proflncc  some  such  effects  m 
those  I  have  endeavoured  generally  Ut  describe. 

29&1.  If  it  be  a  cause,  in  part  only,  of  the  ohaerved  maj^tietic 
rariations,  it  is  muitt  important  to  identify  and  distinguish  such 
A  sonrce  of  action,  even  though  imperfectly  ;  for  the  attention  is 
then  truly  and  intclhgcntly  directed  in  respect  of  the  action  and 
the  phtenomfsna  it  can  produce.  Tlie  aHsigncd  cause  has  tlie  ad- 
Tantagc  of  occurring  periodically  and  for  the  same  periods,  aa  a 
large  cUst  of  the  electa  supposed  to  he  produced  by  it ;  and  if 
the  agreement  eliould  ajipear  ut  first  uoly  genertil,  still  that 
It  will  greatly  strengthen  ite  claim  to  our  atteutioa.  It 
baa  the  advantage  of  offering  explanatiuns  and  even  au^eations 
of  many  other  magnetic  eventa  besides  those  which  are  periodical, 
tnd  it  presents  itself  at  a  time  when  we  have  no  clear  kuorrlcdge 
kof  any  other  physical  cause  for  the  variations,  but  are  conr>trained 
Tliigoely  to  refer  them  to  imftgiiinry  currents  of  electricity  in  the 
air  or  space  above,  or  in  the  earth  beneath. 

2065.  The  causes,  lM>th  of  the  original  power  and  of  its  secu- 
lar Tnriations,  are  uiikuown  to  us.  But  if,  accepting  the  earth 
aa  a  magnet,  we  should  be  able  to  distinguish  largely  between 
internal  and  external  action,  and  so  separate  a  great  cIo&b  of 
phsnomena  from  the  rest,  we  should  be  enalded  tu  defiuc  more 
exactly  that  which  we  require  to  know  in  both  directions,  should 
be  competent  to  state  distinctly  the  problems  which  need  solu- 
tion, and  be  for  better  able  to  appreciate  any  new  hints  from  nn- 
tare  respecting  the  source  of  the  power  and  the  effecta  that  it 
presents  to  ns. 

29GG.  The  magnetic  constitution  of  oxygeu  seems  to  me  won- 
Plulow]>hi<»)  Ma([adae,  18J7,  vul.  xxd.  pp.  406,  ■lO^ 
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derful.  It  ia  in  the  air  what  iron  is  in  tlie  earth.  The  almoftt 
entire  diBuppcarunce  of  this  property  also,  when  it  coters  iuto 
combiiuttiou,  is  most  impressive,  aa  iu  the  oxjnitrogcns and  0x7- 
carbona,  and  even  with  iron,  which  it  reduces  into  n  condition 
far  below  cither  the  metal  or  ihe  oxygen,  weight  for  weighL 
Again,  its  striking  contrast  with  the  nitrogen,  which  dilutes  it» 
impresKCi  the  mind,  and  by  the  difference  recalls  that  which  also 
exists  between  them  iu  relation  to  static  electricity  (1-}&1.)  and 
the  lightning  flash.  Chlorine,  bromine,  cyanogen  and  it«  con- 
geners, chemically  sjwakiiig,  have  uo  magnetic  relation  to  oxy- 
gen. Iu  nature  it  stands  iu  this  respect,  as  in  all  its  chemical 
actions,  alone. 

2967.  There  in  much  todo  «ith  oxygen  rclatiTC  to  atmospheric 
niiigiietisin.  Its  proportion  of  paramiigTictic  force  fit  different 
temperatuxtis  and  difierent  degrees  of  rarefaction,  will  require 
to  he  accurately  usctTtaincd,  and  this  I  hope  to  effect  by  a  torsioD 
balance,  iu  course  of  coDStructioQ  (378fJ.).  Indceil,  I  hope  that 
this  great  subject  may  be  largely  touched  and  tritd  by  experi- 
ment oa  well  afl  by  obecrvation,  and  therefore  gladly  make  it 
part  of  these  experimental  researches. 

2y(iH.  One  am  scarcely  think  upon  the  subject  of  atmospheric 
maguetisui  without  hiinng  another  great  question  su^cstcd  to 
the  mind  (2tl'^.].  What  is  the  liuol  purpose  in  uoturc  of  this 
maguctic  eonditiun  of  the  atmosphere,  ami  ita  liability  to  annual 
and  diurnal  variations,  and  iOs  entire  loss  by  entering  into  com- 
biuation  dthcr  iu  combustiou  or  respiration?  No  doubt  there 
is  one  or  more,  for  nothing  is  superfluous  there.  Wc  find  no  re- 
mainders or  surplusage  of  action  iu  physical  force*.  The  amaU< 
est  provision  is  as  essential  as  the  greateat.  None  arc  deficient, 
none  con  be  spared. 

Royal  Imlitution. 
September  14,  1860. 

APPENDIX. 
Bacdrod  NovemWr  12,  Iflfla 
The  following  Tables  of  data  obtaiiiptl  at  Toronto,  St.  Peters- 
burgh,  "Washington, Luke  AtliaLusca  and  Fort  Simpson,  supplied 
to  me  by  the  kitiducsa  of  Colonel  Sabine,  have  not  yet  hctai  pub- 
lisbcd.  The  data  for  Hobarton  and  Greenwich  are  in  the 
volumes  of  observations  lor  those  stations. 
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"Wasliingion,  U.S.— Longitude  77°  2"  West.     Laritude  38*=  54* 

North.     Mean  declination  1*  25'  West.     Mean  dip  71°  gtf 

North. 
Mcaa  Diurmtl  v&riatioa  of  the  Pcclinatioii  in  mitititcs,  and 

temperature  iu    FaUrcubctt's  scale,  uf  tlie  moaths  of  the 

years  1810,  1811,  ia42,  which  are  upecified. 
Increasing  nUDibcrti  denote  a  moTemcut  of  the  south  or  upper 

end  towanla  thu  Koat. 
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TWENTY-SEVENTH  SERIES'. 

{  33.  On  Atmo^herie  Magnetism— cimtxtmed. 

Beceired  Norembcr  19,— Read  Norember  28,  IMO. 

Ifii.  Experimental  inqulnj  into  the  laws  of  atmosjtheric  magMttc 
action,  and  their  appUcaOon  to  particular  cases. 

S009.  Bkliryin«  tliat  cspcrimcnt  may  do  much  for  the  deve- 
lopment of  the  gcucral  priuci{ilcs  of  atmospheric  magnetism,  and 
produce  Mpidly  a  body  of  facts  on  which  philosophers  may 
proceed  hereafter  to  raise  a  supcratructurc,  I  ondcarourcd  to 
find  some  means  of  representing  practieally  the  action  of  tlte 
atmoflphere,  when  heated  by  the  bud,  upon  the  terrestrial  mag- 
netic ciunfCB,  The  object  waa  to  obtain  some  central  arrange- 
inciit  of  force  vbich  should  dcHcct  these  curves  or  linos  as  they 
arc  deflected  in  a  diamagnctic  conductor  or  globe  of  I»ot  air 
(2877.),  and  then  apply  the  results  obtained  by  such  an  arniugc- 
mcut  as  a  partial  test  to  the  various  cases  supplied  by  the  tuag- 
nctic  observatorieg  scattered  over  the  earth.  At  first  I  cudca- 
voured,  for  the  sake  of  eouTcnicncc,  to  attain  this  desired  end 
by  means  of  a  horacshoo  magnet,  employing  the  lines  which 
passed  firom  polo  to  polo  to  disturb  and  rc-arrangc  the  earth's 
forec  i  but  the  comparative  weakness  of  the  terrestrial  force  near 
the  magnet,  and  the  great  prominence  of  the  poles  of  the  latter, 
gave  riso  to  many  inconveniences,  which  soon  caused  mo  to 
reject  that  metliod  and  have  recourse  to  a  ring-helix  aud  voltaic 
apparatus.  Conftidcring  the  new  uiic  to  which  this  helix  is  to 
be  applied,  the  interest  of  the  results,  and  the  instruction  that 
may  be  draivu  from  them,  I  shall  be  excused  for  being  soracwhat 
elementary  in  the  description  of  its  cliaracter  and  action. 

2970.  Tlic  helix  consisted  of  about  12  feet  of  covcretl  copper 
■wire  formed  into  a  ring  having  about  twenty-five  eon voln  lions, 
and  being  1^  inch  in  external  diameter.  The  coutiauntiona  of 
the  wire  were  twisted  together  so  as  to  neutralise  any  magnetic 

'  PiloBophicdl  Traniftctwas,  1851,  p.  85. 
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effect  wliich  they  could  prodnce,  and  were  long  cnougli  to  reach 
to  a  roltaic  arrangement,  and  yet  alloir  free  raotiou  of  tlie helix. 
The  requisite  amount  of  magnetic  power  in  the  behi  may  be 
jnd^od  of  hy  the  folloiring  considcratioos: — Suppose  a  deelina- 
tion  Dccdlc  freely  sospcndcd ;  and  then  the  heiix  placed  at  a 
distaneo  in  the  prolongation  of  the  needle  with  its  axi<i  in  a  lino 
vith  the  latter,  and  with  that  side  towardn  the  needle  wliieh  will 
at  small  [lintaiicrs  caii-^e  repuUion.  The  need  tc  will  pointy  in  the 
magnetic  meridian,  with  a  certain  amouut  of  force;  but  as  the 
bclix  is  brought  near  it  will  point  with  less  force,  and  within  a 
certain  distance  will  no  longer  point  in  the  magnetic  meridian, 
bnt  either  on  one  or  the  other  side  of  it,  There  ia  a  given 
distance  within  which  the  needle,  when  in  the  magnetic  meridian, 
ii  in  a  position  of  unstable  equilibrium,  but  beyond  which  it  lias 
a  positaoQ  of  stable  eqnilibrinm,  the  dintancc  varying  wiUi  the 
strength  of  the  exciting  electric  current,  The  power  of  the  helix 
«honld  be  such,  thut  vrhcn  end  on  to  the  needle  the  latter  has  a 
position  of  stable  equilibrium  in  the  meridian.  One  pair  of 
plates  is  quite  sufBcient  to  make  the  helix  as  ma^elic  as  is 
nccdftil  for  distances  rarying  from  4  to  2-t  inches.  When  4 
needle  is  properly  arranged  with  cither  a  magnet  or  n  helix  to 
the  north  or  south  of  it  as  above  described,  if  tlic  magnet  or 
helix  be  moved  west  the  near  end  of  tlic  needle  will  move  caat 
and  contrariwise. 

3071.  As  is  well  known,  snch  a  helix  has  a  system  of  magnetic 
lineSj  which,  piusing  throngh  its  axis,  then  opens  ont  and  turning 
round  on  the  outside  rc-cntcrs  again  at  the  axis,  the  circles  of 
magui-tlc  force  being  crcrywhcrc  perpend ictilar  to  the  electric 
current  traversing  the  con  volutions  of  the  helix ;  and  now  I  had, 
at  a  momcut'H  notice,  a sonrce  oflincsof  magnetic  power  exactly 
of  the  kind  required  to  produce,  in  association  with  those  of  the 
earth,  a  disposition  of  the  forces  coinciding  eitlicr  with  those  of 
paramagnetic  or  dianiagnctic  polariiuition  (28CA.  SS77.). 

Wn%.  For  let  fig.  17  represent  a  section  parallel  to  Fij.ir. 
the  axis  of  the  ring-hcIix,  then  the  two  circles  may 
represent  the  disposition  of  the  magnetic  force  in 
that  section,  and  the  arrow-heads  may  serve  to  indi- 
cate that  magnetic  direction  which  belongs  to  lines  of 
force  issuing  out  of  the  north  end  of  a  magnet.  If 
fuch  a  syatcm  be  suddenly  produced  in  the  midst  of  the  earth's 
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linn,  it  acts  upon  tlicm  according  to  the  positioo  of  the  bclix  in 
relation  to  tlie  direction  of  the  earth's  j)ower.  Choosing  the  two 
jionitioHK  in  wliicli  the  axis  of  the  helix  in  [urallcl  to  the  natural 
t!in;ction  of  tlic  power,  as  sliown  hy  a  free  nccillc,  at  the  place 
of  ohscrvation,  then  two  contrary  effects  are  produced^  which,  as 
regards  the  lines  exterior  to  the  helix  system,  correspond  to  the 
polnrity  of  itarnmognetic  and  diamagnetic  conductors.  If,  for 
iustance,  the  helix  is  so  placed  that  the  polarity  of  its  magDettc 
lincR,  exterior  to  and  in  the  plane  of  the  ring,  accords  with  that 
of  the  earth's  force,  as  in  fig.  18,  tlicu 
the  earth's  lines  arc   deflf^tccl    as    re-  Fig.  18. 

presented,  and  a  magnetic  needle 
placed  at  a,  which  had  taken  up  its  k. 
position  hy  the  earth's  influence,  will 
not  tend  to  alter  itn  position  as  the 
helix  approaches  it,  though  it  will  he 
acted  on  with  more  power,  In  other 
parts  of  the  line,  4  a  e,  it  will  alter  its  positioDj  standing  aa  a 
tangent  to  the  cur\'atupc,  aud  Iberefore  will  he  deflected  some- 
times one  way  aud  sometimes  another,  as  it  is  carried  along  the 
line  (or  tltrough  the  neighbouring  lines),  in  place  of  remaining 
parallel  to  itBclf,  as  it  would  do  if  the  electro-magnetic  helix  were 
away. 

8973.  On  the  other  hand,  if  the  helix  were  turned  round  into 
the  second  positiou  (2972.),  thcu  the  ellcct  upon  thedirectiou  of 
the  neighbouring  lines  offeree  would  bo 
an  in  fig.  19.     Needles  placed  at  rf  and  e  Rg.  19. 

wonld  again  he  deflected  from  the  natu- 
ral position  given  to  them  by  the  carth» 
but  they  would  be  deflected  in  a  con- 
trary direction  to  that  which  would  be 
taken  if  they  were  in  correspond  ingsitu- 
ations  under  ttie  former  arrangement.  Tbis  figure  and  state  of 
titiugs  reprcst^nts  the  pEiramngnctic  disposition  of  the  forces,  aa 
the  former  did  the  dianiu^iictic  condition. 

3974.  It  is  not  pretended  that  the  whole  of  these  arrangements 
of  forces  are  like  those  of  the  coses  of  paramagnetic  and  dinmog- 
netie  conductors.  Independent  systems  are  here  introduced  into 
the  midst  of  the  curtb's  magnetic  power,  and  tlic  central  part  of 
each  arrangement  must  therefore  be  excepted ;  there  arc  also 
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attractions  mwarda  and  repolsions  outwards,  vbcu  tlie  needle  is 
at  a  and/^  which  du  not  take  pUcc  hi  the  cases  of  mere  magnetic 
conduction.  But  external  to  these  helix  tiysteiuii,  the  arrange- 
ment  impoiicd  upon  tlic  Hues  of  force  &om  the  earth  h  in  zc- 
conlance  with  that  produced  hy  diainagiictie  and  paramagnetic 
conductors,  and  at  distances  from  2  inches  to  li  or  3  feet ;  the 
lines  of  force  thus  altered,  and  those  contorted  by  the  sun  and 
BtiDOspberc  in  the  great  field  of  nature,  are  companiblc  in  thcil 
direction,  and  may  be  considered  aa  represeutlnjj  each  other. 

29*5.  In  order  to  obtain  a  aimple  resnlt  of  the  action  of  sadi 
a  centre  of  force  on  the  magnetic  lince  of  the  eartli,  I  adjusted^ 
a  rod  in  the  direction  of  the  dipping-needle,  and  also  a  plane  at 
the  foot  of  it  parallel  to  the  magnetic  c<inator  at  London.  Then 
Duxpending  a  small  magnet,  half  an  ioeh  long,  from  cocooa-ftilk, 
w)  that  when  hanging  it  should  1)e  parallel  to  tlic  magnetic 
equator,  it  was  adjustctl  »o  as  to  be  near  to  the  plane  at  the  fuut 
of  the  rod  representing  dip.  The  ring-helix  (2970.)  waa  then 
associated  with  tbe  voltaic  pair,  so  tbat  contact  could  be  com- 
pleted at  any  moment,  and  being  nlwayr)  retained  parallel  to 
itaelf  and  to  the  plane  of  the  magnetic  equator,  could  be  brought 
into  tbe  licinity  of  the  needle  on  all  sides,  above  or  below,  and 
ita  action  npon  it  observed.  As  the  object  was  to  represent  the 
■ua's  action,  the  current  was  so  sent  through  the  helix  tiiat  its 
upper  face  would  repel  the  north  end  of  a  magnetic  nc«dlc ;  for 
then  a  magnet,  ouf^idc  of  and  in  the  plane  of  the  ring,  would 
not  tend  to  have  its  position  changed,  and  tbe  disposition  of  tins 
forces  of  the  earth  under  the  influence  of  the  helix  was  as  in 
fig.  ]8j  or  like  tbat  of  a  diainagnctie  eonductor. 

2976.  In  making  observation;*  of  this  kiud,  and  especially  if 
the  ring-helix  is  purposely  retained  at  a  considerable  distance 
from  the  needle,  it  is  better  not  to  eunueet  tbe  helix  permanently 
with  tbe  battery  and  then  ciuTy  it  towards  aud  by  tlic  needle, 
but  rather  to  ebiKise  the  place  where  the  helix  action  is  to  bo 
observed,  aud  when  the  hiilis  i»  there  to  make  contact  with  the 
battery ;  the  motion  aud  direction  of  the  needle  is  then  easily 
observed  ;  or  if  it  still,  through  reason  of  distance,  be  feeble, 
making  and  breaking  contact  a  few  limes  isochrotioufly  with  the 
vibrations  of  the  needle  soon  raises  tbe  effect  to  any  degree 
requittd. 

2977.  There  arc  certain  poaitioiui  iu  reapcct  of  the  ncodie  M 
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centre  wliicli  must  be  clearly  comprchcmJcd.  The  magnetic 
is  is  a  Hue  tUrougb  tbc  ccittrc  of  tlic  free  regular  Dcedle  jiarallel 
to  the  direction  of  tko  eartli's  linos  of  force,  whatever  tliat  may 
be,  at  the  place  wlicre  the  experiments  majr  be  made.  The 
Diagnetic  eqtiator  plane  is  a  plane  passing  througfa  tlie  ceutrc 
of  the  needle  perpendicular  tu  the  magnetic  axis.  The  plane 
of  the  magnetic  meridian  is  that  plane  irhich  eoincidc«  with  the 
magnetic  axis,  and  aUo  with  the  dii-cctiou  iu  vbich  the  declina- 
tion needle  points.  This  |H>9ition  always  oecors  with  the  ma^ucts 
that  are  employed  for  olwervation,  Iwing  a  consequeuee  of  the 
method  in  which  they  are  rapportal ;  it  would  not  be  taken  by 
a  needle  placed  at  right  auglea  on  it»  mechanical  axis,  the  latter 
being  in  the  magnetic  oxia. 

2*J78.  When  the  ring-helix,  situated  as  before  explained 
{29*5.),  was  anywhere  in  the  plane  of  the  magnetic  meridian, 
it  exerted  no  action  on  the  decliiiation  needle  tending  to  change 
its  pOHition.  \Vhcn  the  helix  was  ujiyvhcre  in  the  piano  of  tbc 
mo^ictic  equator,  it  exerted  uo  action  on  tbc  needle  to  make  it 
change  lbs  direction.  These  arc  the  ouly  places  in  which  tbc 
helix  docs  not  alTect  the  ijositioii  of  the  needle. 

2970.  These  two  planes  of  nt>  variation  diridc  the  space 
around  the  mnfpiet  into  four  <iuadrant»,  and  the  helix  being  in 
any  one  of  these,  affcrts  the  needle,  altering  its  dccliuation. 
llic  deflection  of  tbc  liue  of  force  for  two  neighbouring  qna- 
druita  is  iu  tbc  contrary  direction,  eo  that  as  the  helix  pusses 
from  the  neutral  line  into  one  or  the  other  qn.idraiit,  the  declina- 
tion of  the  needle  ebaiigos. 

29S0.  If  thebelixbeabove  or  below  the  magnetic  equator  and 
be  carried  round  the  magnetic  axis  travelling  along  a  line  of 
latitude,  then  the  needle  makes  one  large  OKcillation  to  the  right, 
and  another  to  the  left  during  the  circuit.  Supposing  that  the 
experiment  commences  with  the  helix  abore  the  equator,  and  in 
^^K  the  plauc  of  the  magnetic  meridian  north  of  the  needle,  if  it  then 
^^1  ]>rucccds  by  west  to  south  ami  on  by  coat  to  its  original  position 
^^P  the  north  end  of  tbc  needle  will  lirst  go  westward;  will  then 
^^^  stop  and  return  eastward,  passing  the  mean  position,  and  will 
^^  finally  return  westward  and  settle  in  its  tirst  or  original  direction. 
^^H  All  the  lime  the  helix  is  to  magnetic  east  of  the  needle  it  will 
^B^  cause  the  f^ame  deflection,  and  ohio  as  long  as  it  is  in  the  went; 
^L;  Ihc  deflection  wilt  be  more  or  less,  but  not  change  in  direction 
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as  regards  tlie  neutral  place.  The  position  of  tlie  helix  north  or 
•outli  of  the  needle  is  of  no  consequence  as  to  tlie  direction  of 
the  deolination,  proviiled  it  remain  on  tlie  Kiiucflidc  of  the  ma^f- 
netic  nieridianj  tliougli  it  is  lo  tlic  amount.  If  the  helix  be 
below  the  magnetic  equator  the  direction  of  the  declination  is 
reversed,  bat  then  again  it  does  not  change  whilst  the  helix  re- 
xoains  caat  or  wcat  of  the  needle  and  it*  plane  of  mean  declination. 

S081.  If  wc  carry  the  helix  round  the  needle  in  a  plane  per- 
pendicular to  tlie  planes  of  the  magnetic  equator  and  meridian, 
80  as  to  traverse  in  succession  the  four  tiimdrauts,  then  the 
needle  makes  two  to  and  fro  vibrations  (instead  of  one)  during 
the  circuit.  Thus,  beginning  with  the  helix  in  the  neutral 
position  over  the  needle  and  going  round  by  west  and  below, 
and  then  npwards  on  the  east  side  to  its  first  pOBition,  the  north 
end  of  the  needle  will  first  pa«a  westward,  then  eastward,  then 
westward,  aftcrthat  eastward,  and  finally  westward  to  its  original 
or  nt-iitral  i»o)iition, 

2982.  As  the  helix  is  carried  from  the  neutral  planes  (2978.) 
into  any  of  the  quadrants,  the  power  of  affecting  the  declination 
of  the  needle  is  first  developed,  and  then  increasos  every  way, 
from  the  edges  of  the  quadrant  until  it  attains  its  maximum 
force  at  the  middle.     Hence  the  maximum  deflection  cast  or 
west  is  when  the  helix  is  in  the  middle  of  each  qiiadrunt.    Tlierc- 
forc,  when  the  helix  is  carried  from  the  niiddlc  of  one  quadrant 
to  the  middle  of  the  next,  only  an^  mo/ton  in  the  needle  appears; 
as  for  instance,  an  increasing  westerly  declination,  though  the 
direction  of  the  dccHuation  in  relation  to  the  mean  position  has 
been  reversed  in  that  time,  and  there  ^vas  a  moment  when  the 
needle  had  no  extra  declination,  but  was  in  that  mean  position. 
So  also  as  the  helix  move*  over  one  quadrant  from  one  neutral 
piano  to  anothcFj  thoiigh  the  declination  of  tlic  needle  produced 
by  it  has  not  clianged  in  direction,  hut  has  been,  for  instance, 
all  (he  time  west,  still  the  nocdtc  will  have  exhibited  two  motions, 
goinj(  first  west  during  the  increase  of  the  power,  and  then  east 
whilst  it  is  dtiuinishing;  and  hence  it  is  that  thoii};h  there  ai 
four  departures  of  the  needle  from  and  return  to  the  neutral  oi 
mean  position,  whibtt  the  helix  circumscribes  it  in  an  east  and 
west  vertical  plane  (2981.),  there  arc  only  two  complete  journeys 
of  the  needle. 

2983.  The  amouut  of  the  deflection  dimiuiohes  oa  the  distance 
of  the  h«lix  from  the  needle  iucrcaece ;  and  the  contrary. 
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HQS-i.  Two  other  ncc<Ilc8  were  slung  (2975.)  very  oblique  to 
the  mugnetic  axis,  cue  with  its  north  end  upwards  and  the  other 
with  its  north  end  downwards,  and  these  were  submitted  to  the 
action  of  the  helix  as  the  former  had  been  (29r8.).  'ITiey  were 
affected  exactly  in  llic  aamc  manner,  showing  no  difference;  t.  e. 
n  given  ciid  always  moved  the  same  way  for  the  same  change  in 
[lusition  of  the  helix.  If  the  helix  was  very  nenr,  then  one  pole 
was  a  little  more  inflncnccd  than  the  otlirr  in  certain  pooitiona; 
but  its  removal  further  off  took  away  that  ditfcrcnce  (which  is 
easily  accounted  for  {'2970.))  and  produced  pare  resnits.  The 
place  of  the  helix  above  or  below  the  prolongation  of  the  line  of 
the  needle  made  wo  difference,  proridcd  it  was  in  the  name  place 
as  rc^rdcd  the  magnetic  equator  of  the  earth's  lines  of  force 
l)asNiiig  through  the  needle. 

3085 .  For  the  ptir])08e  of  establishing  the  nature  of  the  action 
which  such  a  hcHx,  always  in  the  given  or  diamagnetic  position 
(2975.),  would  exert  u[}on  the  inctinniion,&  small  dipping-needle 
was  Huhmitted  to  its  action  uml  the  following  TCHutts  obtained. 
The  needle  could  move  i»  the  plane  poeung  through  the  mag- 
netic meridian  of  London. 

yySG.  There  was  no  deflection  of  the  needle  Trhen  the  helix 
was  in  the  plane  of  the  magnetic  equator,  or  in  a  plane  perpen- 
dlcular  to  that  coutaiiiiug  the  mechanical  axis  of  the  needle.  In 
evei-y  other  pot»itiou  it  aflected  it;  so  that  these  two  plnuc4  divided 
the  sphere  of  action  into  four  segments,  as  before. 

3987.  As  the  helix  p»b8Cb  from  one  quadrant  to  another,  the 
direction  in  whioli  the  uccdic  is  dellcctcd  changes  ott  Ijcfuru 
(2982.).  If  the  helix  is  in  the  upper  north  segment  or  tlie  lower 
south  segment,  the  upper  or  south  end  of  the  needle  is  deflected 
towards  the  south;  if  the  helix  be  in  the  upper  south  or  lower 
north  segments,  the  upper  or  south  end  of  the  needle  is  deflected 
towards  thn  north.  Tf  the  helix  bo  carric<l  round  the  needle  in 
the  direction  of  the  plane  of  motion,  which  in  this  case  is  that  of 
the  magiietic  meridian,  the  end  of  the  needle  starting  from  a 
mean  or  unaffected  position  will  move  first  (me  way,  us  for 
instance,  north  and  then  south ;  nortli  again  and  south  again, 
and  finally  north  lu  regain  its  place  of  rest :  bo  that  there  ore 
two  extreme  deflections  of  the  end  in  each  direction,  aa  before, 
in  the  case  of  the  declination  magnet  (2982.). 

2988.  In  other  words,  when  the  Lelia  was  anywhere  below  the 
magnetic  e<iuator,  the  lower  or  north  end  of  the  uecdlc  tended 
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to  point  oatvard*  fimn  it  or  ontode  of  k^lxiiig  m  k  woe  rtftOed 
hy  the  axil  of  the  beKx,  bat  rfmra  br  the  ooter  cnrred  linei  of 
force,  fig.  SO  (2992.) .  Or  if  the  hdii  mn  aiboR  tbe  rqaiior, 
titen  the  ifppfr  ur  Knth  end  at  the  aeede  vort  mtwards  from 
the  helix,  nwni^  eiactlj  is  the  tame  directioD  in  rebtion  to  the 
helix  ai  the  lowrr  pole  did  befiMc 

2989.  Hie  wipport  of  the  needle  wvs  tnrned  romid  Vt,  which 
therefore  remored  the  pUoc  in  vhk^  the  ocedle  coold  monM^ 
frcKD  thcnusnetic  meiidiaii.  This  canied  the  plane  of  do  actioa. 
oa  the  needle  WP  roand,  to  th&t  it  now  omneided  with  the  mag* 
Dctic  meridian  ;  and  the  plane,  which,  standiiig  east  and  vat, 
vaa  before  neutral,  wu  bo  longer  a  plane  of  indifference,  bnt  in 
fiKt  passctl  St  the  middle  uf  tbe  segments  thiongfa  the  places  of 
■trongeat  action. 

2090.  Here  with  mcRaaiumj  as  before  witb  drelination.  It  ta 
not  tbe  direction  in  which  tbc  needle  standn  tbat  dctcnuines 
what  actiou  tbe  helix  may  hare  upon  it ;  for  it  maj  be  loaded 
or  otbcrwisH;  restrained,  as  all  honsontal  needles  arc ;  but  it  is 
tlte  direction  of  the  lines  of  force  at  tbe  needle  which,  with  the 
belix,  gOTerns  alt.  Tbc  helix  may  be  above  or  below  the  pru- 
loagation  of  the  needle  indifferently  ;  for  if  it  utill  continuex  on 
the  same  aide  of  the  line  of  force,  under  the  influence  of  which 
the  needle  act*,  then  tbe  cod  of  the  needle  moves  in  tbc  same 
direction,  though  it  may  travel  towards  tbe  helix  in  one  inatonco 
and  from  it  in  another. 

2M1.  I  Btispeadcd  a  needle  so  that  it  was  free  to  move  in 
orery  direction,  aud  now  I  obtained  tbc  simple  natural  effect  of 
tbe  helix,  or  a  diamaguetic  globe  (2877.)  oti  a  gi\-cn  line  of  fonx, 
and  it  is  well  to  have  it  iu  miud.  Fur,  though  we  arc  obligc<I 
for  tbc  sake  of  practical  observation  to  divide  tbc  position  into 
two  parts,  declination  and  inclinadoa,  yet,  the  results  iu  each 
case  are  much  better  comjiared  aud  remembered  wlicn  the  simple 
law  of  change  in  the  nholc  liue  of  furcc  is  ready  in  tbc  miud  for 
refereoce.  The  eijuatorial  plane  and  the  mo^ietic  axis  arc  now 
the  only  parts  in  which  the  hcli.\  can  be  irithout  afTecting  the 
po§itioD  of  the  needle  ;  tbc  firet  gives  places  (for  tbc  belixj  with 
a  stable  position  for  the  ueedle,  aud  tbe  second  such  as  hara 
cither  stable  or  un^labU-  positions, according  to  tbc  helix  distanect 

2092.  If  the  helix  \k-  out  of  the  plane  find  axis,  then  the  cud 
of  the  nocdlc  nearest  to  it  Icaus  from  it  as  if  ropcllcd.     If  tbo 
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helix  be  carried  round  in  a  circle  of  latitude,  the  end  of  tlic 
uccdlc  moves  roiuid  hefure  it  just  like  the  upper  end  of  tho 
needles  at  Hobartou  aiul  Toronto,  iu  rt'speet  of  the  sun,  during 
the  midday  hours.  Instead  of  moving  the  helix  round  the 
needle,  yrc  may  carry  the  needle  into  diffcrcDt  positions  as  re- 
gards the  helix,  and  then  6;;.  SO  will  re- 
present the  result.  jV  result  exceedingly 
simpkf,  and  lu  perfect  accordaucc  with  the 
diamagQctic  disposition  of  the  forces  pro- 
duced by  the  helix  (2972.),  as  the  two 
doltLd  lines  indicate. 

2U^3.  .\s  an  expression  of  the  facto  for 
use  in  applying  them  to  the  explanation 
and  illustration  of  natural  pheeiionicua,  it 
DUiT  he  said  in  respect  of  declination,  that 
the  helix  being  above  the  needle  in  a 
plane  haring  dip,  and  therefore  aboTo  its 
roaKuetic  equator,  if  ou  the  cast  of  a  needle 
having  north  dip,  it  will  seud  the  south  or 
np|)cr  end  west,  or  if  on  the  east  of  n  needle  liaving  south  dip 
(hewing  of  course  theu  itself  inverted  (2972.)),  it  will  cau^  the 
north  or  upper  end  to  pass  westward ;  seeming  to  repel  tlic  end 
of  the  free  needle  or  part  of  the  line  of  force  nearest  to  it.  la 
reference  to  the  inclination,  it  may  be  said,  that  tho  helix  being 
above  the  needle,  tends  to  send  the  upper  cud  of  tho  needle  or 
line  of  force  from  it.  If  the  helix  is  north  of  the  magnetic  axis, 
it  will  tend  to  scud  the  upper  cud  of  the  ueetUe  south  ;  if  it  is 
ROiith,  thr  upper  end  will  go  north.  As  in  the  cnso  of  the  de* 
cluiation,  it  is  as  if  the  end  of  the  free  needle  or  line  of  force 
nearest  to  it  was  repelled.  In  fact  every  case  is  included  in  this 
result,  that  if  the  helix  he  diamngnetically  adjusted  (2975.)  for  a 
free  needle,  whether  it  is  above  or  hclow  tlic  needle,  or  ou  this 
nide  or  that,  the  nearest  cud  of  the  needle  will  be  as  if  repelled 
provided  the  helix  is  not  in  a  neutral  jiusition. 

2991.  I  repeated  all  those  experimcnbi  with  the  helix  reversed, 
10  til  to  give  the  effect  of  a  panunngnetic  globe  of  air  (2805. 
2073.)-  1  »ifi**'  "'dy  nay,  that  the  ctleets  were  precisely  the  same 
in  miturc  ami  order,  only  in  the  reiwrup  direction.  They  will 
be  rcijuircd  in  the  explication  of  the  night  and  early  morning 
actions,  due  to  the  cooling  of  the  atmosphere  (3003.  9010.). 
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SD95.  In  these  experiments,  that  the  laws  of  deflection  might 
nppcar  in  their  simplicity,  the  uccdic  was  Buspciidnl  iu  tho  air, 
and  the  repre«eiit»tiou  of  the  aim's  action  carried  round  it  in  all 
directions.     But  in  nature  the  air  is  only  above  the  needle, 
uid  the  earth  as  a  maguct  is  beneath  it.    Iu  the  natural  case 
also,  there  18  tlic  fixation  of  the  lines  iu  the  cortli  {29l0.)>  ^^'hich 
tends,  by  holding  them  below  the  surface,  to  give  Ihcm  an  amount 
of  deflection  at  the  surface,  far  beyond  vhat  tliey  would  tiave  if 
they  were  as  free  tu  move  iu  the  earth  beneath  as  iu  the  space 
above';  and   though  this  deflection  would  coincide  witli  tliat 
produced  by  the  helix  alone,  still  it  was  importnut  to  verify  its 
effect.     I  tliercForc  took  a  bar  ttin$:;iiet  30  inches  long,  and  veak 
in  condition,  and  suspended  the  needle  above  it  in  various  parts, 
«o  as  to  have  the  effect  of  luirtli  or  south  dip  to  any  degree,  or 
no  dip  at  all  near  the  middle  parts.    Theeffectof  ahscnce  of  air 
from  beneath  vas  also  iu  a  certain  degivc  reprei^entcd:  and  to 
make  this  point  more  atrikiu^,  I  occAaionally  put  masses  of  iron 
on  and  under  the  middle  part  of  the  magnet.    The  results  with 
the  helix  were  now  iuflucnccd  greatly  in  the  amvnnt  of  the  de- 
flection, but  not  in  the  direction.    AVheu  the  helix  affected  the 
direction  of  the  ueedle,  it  was  according  to  the  above  laws. 

209<j.  In  the  consideration  of  natural  phaenomenn,  the  mag- 
netic axis,  and  also  the  planes  of  tlie  magnetic  equator  and 
meridian,  being  circles  or  planes  of  no  deflection,  arc  very  im- 
portant. Changing  as  they  do  with  everj*  change,  cither  of 
place  or  declination  or  dtp,  they  require  some  ready  menus  of 
illufitratiou,  and  can  hardly  be  comprehended  in  their  effecta 
without  a  model.  I  have  prepared  a  globe  on  which, 
marking  tho  placca  of  the  obscrvatoricx,  I  have  drawn  the  mag- 
netic meridians  of  these  plnecii  as  they  were  last  estimated.  X 
have  then  in  another  colour  drawn  for  each  place  its  magnetic 
equator,  making  that  a  great  circle  parallel  to  the  equatorl.il 
plane  of  the  dipping  needle  at  the  place.  I  hare  also  marked 
on  the  globe  tlic  mean  path  of  the  suu  for  each  mouth,  and  by 
the  use  of  adjiistible  pins  to  indicate  the  hours  before  and  after 


'  R«(«rring  ti>  tlie  typical  globn  of  cold  ait  (^"^O*  it  \*  mMxVvil  Ifaatir  t}]U 
Sfaog  below  ths  boriKnital  linnta,  r,  JEG.WBn;uwnpicdli]riunttvrWldiuf:  tliu 
iLiM  in  it,  tben  Ibe  (Ittftectii>]is  now  TspresealMl  on  (liv  lower  ]iatt<  ntuld 
■pIMtr  Kbom  the  kolditifr  ■nifan'v),  and  to  a  mucli  givatCT  degroc,  tlicvgh  «»• 
tendit^  dowawarda  to  a  much  smollei'  space 
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noon  of  any  given  place,  I  have  the  means  of  asecrUming  with 
Buffideut  accuracy  when  the  huq  is  iu  any  particular  quadrant, 
or  wliat  pari  of  tlie  quiidrrLiit ;  wlicu  it  passes  a  neutral  line  a»d 
what  its  position  iu  rclaliou  to  the  place  of  observation  is,  iu  a 
manr>cr  which  uo  diagrams  or  figures  could  supply.  T  have 
fouud  the  globe  very  useful ;  aud  I  accustom  myself  to  place  it 
always  in  a  certain  position,  namely,  with  the  aiti»  of  rotation 
horizontal,  the  north  pole  to  my  right  hand,  and  the  astroaO'- 
inical  meridian  of  the  place  of  obsen-ation  towards  the  xcntth. 
The  obacn'cr  can  then  reganl  it  as  from  tlie  place  of  the  rinng 
auu. 

2^1)7.  Though  we  thus  have  the  experimental  conditions  of  a 
needle  under  an  action  like  that  resulting  in  nature  fmni  the 
presence  of  the  nun  (2!)20.],  I  do  not  pretend  that  they  can  be 
applied  without  modification  to  natural  pha-nomcuu,  but  only 
that  tlicy  give  very  important  aid  in  the  study  of  the  latter  aud 
the  rattonak  of  their  action.  The  atmosphere,  instead  of  being 
illimitable,  wraps  the  earth  round  as  a  garment ;  the  influence, 
at)  it  extends  from  tlie  region  of  action,  muut,  in  respect  of  that 
portion  which  is  conveyed  throiigli  its  mass  (3920.),  curve  with 
it«  ciuraturc,  and  give  a  rcstult  in  any  particular  jdace,  which 
only  rclinctl  colcnbitious  founded  upon  careful  observations  can 
determine  accurately.  In  regard  to  the  development  of  the  air 
action,  it  would,  I  think,  be  very  interesting  to  ascertain,  even 
roughly,  the  daily  variations  of  a  magnet  at  the  bottom  of  a  deep 
mine,  half-way  up,  aud  at  the  mouth  of  the  shaft.  Tiic  results 
might  tell  iif>  much  about  the  holding  power  of  the  earth  and  the 
depths  to  which  the  deflections  of  the  magnetic  lines  of  force 
penetrate,  and  might  even  give  us  a  rough  cspression  of  the 
changes  of  the  internal  power  (or  the  absence  of  such  changes) 
wlien  freed  from  those  dependent  upon  the  atmosphere. 

2098,  Another  rnison  why  the  experimental  rcNidta  must  not 
be  applied  too  closely  is  as  folluwa.  If  the  lines  uf  force  of  the 
earth  were  perfectly  regular,  then  the  change  produced  amongst 
them  by  the  snn  and  air  would  be  regi]Iar  nUn.  But  n«  the 
natural  system  is  not  regular  either  butwwn  the  tropics,  as  nt 
Sister's  Walk  and  Longford  in  St,  Uclcna,  or  in  tJie  higher 
latitudes,  as  at  Hudson's  Bay,  so  apparent  inconeistcneea  may 
and  must  result.  The  probability  is  that  the  greatest  irregula- 
ritioB  in  the  nrnmgemcut  of  the  earth's  magnetism  arc  iu  aud 
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near  the  surface  of  the  cartl),  aud  that  abovo  tlicy  tead  to  adjust 
with  each  other  into  a  more  regular  order.  Still  thcr  irre^lari- 
tics  muat  extend  their  iufiucuce  very  far  upwards,  so  that  the 
contortions  of  the  magnetic  meridians  or  liuce  of  force  arc  not 
likely  to  be  effaced,  or  much  diminished,  at  tlio  rcgioa  coinciding 
vith  the  place  of  the  atmoftplicrc'a  effect. 

2099.  But  though  the  lines  arc  irregular  in  the  large  apace 
affected  by  the  sun,  the  result  will  be  expansion  of  the  whole 
as  a  system  and  diamaguetic  polarity.  Tlie  Hues  of  force  below 
will  be  affected  by  tho8C  above;  and  so,  though  a  perfect  simi- 
larity between  different  places  is  not  to  be  expected,  still  the 
kind  of  change  at  the  earth's  surface  is  not  likely  to  be  »o  uncer- 
tain aK  it  might  at  fin<t  appear.  Therefore,  I  believe  the  globe 
(2996.)  will  be  fouud  very  useful  iu  giving  information  regarding 
the  probable  effects  of  the  magnetic  meridian  and  oqnator,  due 
to  tlie  place  of  the  sun  iu  the  two  chief  quadrants  for  any  given 
month  of  the  year,  or  hour  of  the  day. 

3000.  The  pfiitsagc  of  the  magnetic  meridian  is  important,  and 
sf  pears  Car  more  so  after  the  expcnmeut  described  (297H.)  than 
it  did  on  a  former  occasion  (2942.).  Bciug  very  often  inclined 
to  the  astronomical  meridian,  it  must  have  great  influence  iu 
deciding  when  the  daily  decUnatiou  cboiigu)  in  iU  direction. 
The  place  of  greatest  action,  and  its  travcUiug  north  or  south 
along  a  line  of  magnetic  force  according  as  the  declination  was 
west  or  east  in  rclutiuu  to  the  helix  as  a  sun,  wa.<i  conHrmccI  by 
an  experiment;  and  tbc  further  obscnation  (a  consefjucucc  o? 
the  former]^  that  when  the  suu  vita  equidistant  from  a  place 
more  north  or  south  than  itaelf,  its  action  was  far  stronger  on 
that  side  at  wliich  its  path  aud  the  declination  direction  made 
an  acute  angle  tlian  on  the  other  side  where  it  was  obtuse,  woa 
also  confirmed.  Thus  if  the  helix,  monng  from  cast  to  west, 
were  paRning  a  place  north  of  it  having  western  declination, 
then  thcaction  was  stronger  on  the  western  side  of  the  place  than 
on  the  cut  for  c^iual  diHtancea  of  the  hclis  from  the  magnet. 

3001.  The  passogc  of  the  magnetic  etjiiator  by  the  sun  is  ako 
important,  ijnee  the  direction  of  the  diuninl  variation  of  the 
experimental  needle  U  then  altered ;  and  this  is  of  the  more 
consequence,  because  by  the  great  degree  of  natuntt  declination 
in  manyplaccs,  even  far  north  and  south,  tliis  jiasiiagc  is  thrown 
forward  towards  tbc  astronomical  meridian,  cither  on  the  coat 
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side  or  the  west,  and  comes  into  effect  diuing  tbe  more  influen- 
tial hours  ot  tlic  sun  or  the  cold.  In  all  those  places  too  vherc 
the  dip  is  little,  as  at  St.  Ilelnna,  and  in  or  near  the  sun's  path, 
it  may  be  important  in  influencing  the  amonat  of  action.  From 
the  change  of  place  of  tlie  sun  betvecn  the  tropics^  and  the 
variety  «>i'  dip  anil  dccUnalioii  iit  diffiircnt  idaces,  the  pas^in^  of 
the  neutral  planet^  br  the  sun  and  ucliug  rvgion  must  take  plnoc 
under  an  extreme  variety  of  conditions ;  the  unravelling  of  irhich 
I  think  will  he  mneh  OKsitit^Hl  hy  tcnnwled^r  rucIi  as  that  which 
the  prweding  riiKTimeiits  and  prirripirs  give.  The  sun  may  be 
atttrominiicallr  cither  north  or  Houth  of  the  needle,  and  yet  the 
dcdiiittlioij  of  the  ueedle  not  chan^  in  diructinii  (2980.) ;  or  if 
there  were  much  mean  decliuation,  us  at  (Jrceuwich,  then  it 
might  be  astronoraically  east  or  west  of  it,  and  yet  the  declina- 
tion produced  not  ehauge  its  direction.  The  sun  r^ion  may 
he  south  uf  a  place  and  yet  iiend  its  upper  end  fiirtlier  south 
(2990.)  ;  for  all  nill  duptnid  upon  its  position  in  relation  to  the 
maf^uctic  meridian  and  the  magnetic  axis,  whirh  arc  in  most 
cases  very  far  removed  from  thoae  that  arc  astronomical :  added 
to  all  these  caiisea  of  variety,  there  is  the  fixation  of  the  lines  of 
force  in  the  earth  (2919.),  which  tends  to  give  a  further  diversity 
to  them. 

3002.  In  the  former  paper  I  considered  only  the  cfToct  of  air 
raised  in  temperature  aliOTc  the  mean  condition  (2895.),  illns- 
tratiiig  it  by  the  sun's  effect  iu  the  middle  of  the  day;  noio  I 
purpose  considering  that  which  will  be  produced  by  the  cold  of 
night,  which  reduces  the  air  of  a  given  region  below  the  mean 
air  temperature  of  that  place.  When  a  portion  of  air  is  so  cooled, 
its  conduction  powcris  increased;  iu  conjunction  with  the  warmer 
air  of  surroiiuriiug  regions  it  deflects  the  lima  of  magnetic  force 
passing  through  both,  as  indicateil  by  the  type  globe (2fl$(.  2874.), 
and  acquires  what  I  have  called  conduction  polarity  (paramag- 
netic), meaning  thereby  simply  that  the  lines  of  force  Hxmr  toge- 
ther in  the  middle  of  the  cooled  air. 

3003.  Tlieoretically,  the  effect  of  a  cold  region  of  air  coming 
up  from  the  east  would  he  to  moke  the  magnetic  lines  of  force, 
as  they  leave  the  earth,  advanec  or  bend  towards  it,  because 
those  in  and  about  the  cold  air  arc  intlected  into  it ;  and  as  those 
immediately  west  of  the  cold  region  move  into  or  towanla  it,  »o 
those  further  west,  being  in  part  relieved  from  their  tension,  will 
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alflo  move  east,  and  tbus  an  e£fect,  the  reverse  of  tliat  of  tliesuii 
{2B77.  2972.))  or  the  same  us  tbnt  of  the  ticUx  in  the  paranuig- 
nctic  position  (2973.  2994.),  will  be  produced,  Tlic  upper  cnda 
of  Dccdics  at  places  having  dip  show  this  dcllcctiou  of  the  ujipcr 
part  of  the  lines  of  forco,  because  they  move  by,  with,  and  in 
them. 

300-t.  So  M  eold  npproAcheB,  the  Lines  will  lean  towards  it 
until  it  is  in  the  position  of  maximiini  action  in  the  enatcrn  qua- 
drant; then  they  will  return  (in  declination)  before  the  cold,  until 
both  it  and  the  line  (or  needle)  arc  in  the  magnetic  mcridion ; 
after  whichj  as  the  cold  travels  on  westward,  the  ncciUc  will 
follow  it  west  until  the  cold  has  attained  its  place  of  mn^ximnm 
action  in  the  west  quadrant  (2982.) ;  and  then,  as  the  cold  re- 
treats, the  needle  will  return  cast  to  its  mean  place;  n^iiming 
that  there  is  no  other  action  for  the  time  than  tliut  of  the  cold 
region.  The  upper  end  of  the  free  needle,  therefore,  at  any 
given  place  will  tend  tmcarda  the  cold  region,  just  as  before  it 
tended  from  a  warm  region;  and  as  the  declination  is  affected, 
M>  also  the  inclination  will  be.  If  the  cold  be  on  the  magnetic 
meridian  of  a  place  within  the  tropics,  as  St.  Helena  or  Singa- 
pore, it  will  increase  the  dip  there,  whibt  at  the  same  moment 
it  is  diminishing  the  dip  at  places  i^outh  or  north  of  it  having 
cooaidcrable  dip,  a  rcanlt  which  follows  directly  from  the  inflec- 
tion of  the  lines  of  force  into  or  towardit  the  eold  region. 

3005.  The  chief  regions  of  heat  and  cold  on  the  same  parallel 
of  latitude,  do  not  follow  each  other  at  equal  intervals  of  time.i 
It  is  diflicult  to  make  a  judgement  regarding  their  interval  ia~ 
tbc  atmosphere  above  ;  but  the  maximum  of  cold  on  the  earth 
for  the  twenty-four  hours,  is  assumed  by  many  as  being  seven- 
teen hours  after  the  preceding  noon,  and  only  seven  hours  from 
the  coming  noon.    This  brings  into  coaBidenitioD  the  joint  effect 
of  hot  and  cold  regions  in  deflecting  the  Hues  of  force,  especially  d 
during  the  forenoon  and  middle  of  the  day.     If  a  cold  region  be 
only  three  and  a  half  hours  west  of  a  place  at  the  same  time  that 
the  warm  region  is  three  and  a  half  hours  east  of  it,  it  is  very 
roauifeat  that  the  joint  effect  of  the  two,  for  bolt  act  then  to 
cause  the  same  deflection,  will  be  far  greater  than  that  of  tlte 
heat  or  cold  alone,  or  than  any  corresponding  effect  at  otbepl 
periods,  for  neither  twelve  hours  after,  nor  at  any  other  tii 
will  there  be  an  equivalent  condition  of  circumatances ;  and 
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it  is  also  for  other  oombinatioaB  of  hot  nnil  cold  regions,  the 
effect  of  whicli  will  vary  both  by  position  and  by  their  extent. 
A  free  iiccillc  i.i  hold  in  toiituuii  by  tlio  Iini»,  irliich  arc  tbcm- 
selves  governed  by  the  hot  and  cold  rcgioua  of  atmosphere } 
it  probitbly  never  occupies  its  mean  place,  but  in  nlnnya  in 
the  resiiltiint  of  these  ever-present  and  ever-varying  causes  of 
change. 

3000.  As  tlic  cartlt  revolves  under  the  sun,  cnch  place  would 
hnvc,  speaking  generally,  a  mitximum  and  a  miuimum  of  tem- 
perature for  its  atmosphere  in  the  twenty-four  hours.  But 
looking  at  the  globe  an  a  whole,  there  would  be  one  maximum 
tind  tno  minima,  i.  e.  there  would  be  a  maxiuium  region  some- 
wticrc  beneath  the  aim  in  his  path,  aiid  a  miuimum  iu  each  of 
the  polar  regions ;  which,  as  reganls  the  twenty-four  hours, 
v-ould  not  be  at  the  pole,  but  iii  some  place  of  high  latitude,  and 
pcrliapH,  as  before,  seven  or  eight  hours  before  noon.  These 
cold  regioiift  will  tie  very  seriously  affected  iu  their  extent  and 
place  aud  power  by  the  position  of  tlie  suu  betweeu  the  tropics  j 
for  as  he  ndvauccs  to  one  tropic  the  cold  region  there  will  dimi- 
nish in  extent  and  force,  whilttt  the  other  will  grow  up  in  ini- 
portoucc  ;  and  whilst  they  thus  vary  in  their  power  of  infltiencitrg 
the  general  direction  of  the  lines  of  force,  they  will  Tory  in  their 
own  position  also,  and  have  at  differCDt  times  very  various  rela- 
tions of  place  to  the  sun  iu  diifercut  mouths,  and  so  produce 
very  various  ctfects.  It  is  these  difiercnccs  which  ore  made 
raunifcat  to  us,  as  I  believe,  in  the  night  and  morning  actions 
ut  the  numerous  observatories  scattered  over  the  globe. 

3007-  I  will  proceed  to  apply  these  views,  and  the  additional 
knowledge  gained  by  experiment,  to  the  loealitlcs  formerly  con- 
sidered, and  to  some  new  ones  between  the  tropics,  for  the  pur- 
pose of  explaining,  if  I  can,  the  principles  of  night  action ;  of 
retardation,  more  or  leas,  of  the  effects  in  relation  to  local  time; 
of  the  difference  iu  direction  of  the  declination  variation  in  dif- 
ferent mouths,  for  the  same  place  at  the  same  hours,  as  |)ointed 
out  by  Colonel  Sabine;  of  the  diminution  of  dip  iu  one  place, 
and  iitcreoKe  of  it  at  another  for  the  same  local  time.  In  doing 
sOj  it  will  be  necessary  to  refer  continually  to  that  place  which 
may  be  considered,  in  reapcct  of  the  station,  as  the  centre  of  hot 
or  cold  action  for  the  time.  1  will  endeavour  to  use  the  word 
rcgiou  for  that  purpose,  meaning  thereby  not  the  whole  extent 
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of  heated  or  vu^od  air,  uor  Uic  oeutrc,  but  the  chief  iilaco  of 
the  alt«r«d  portiou.  It  U  very  manifest  that  in  some  days  in 
March  or  September,  all  the  air  that  Ih  cast  of  tho  meridiaa  at 
21^  or  22^  may  be  coamdcrcd  warm  iu  comparisou  of  that  which 
in  tticu  west  of  the  same  meridian,  aucl  that  a  rcsultaut  of  action, 
whicli  shall  he  the  same  for  all  placcSj  cannot  exist. 

3008.  Wc  arc  to  remember  that  the  caiitcning  and  the  west- 
cning  of  the  upper  end  of  the  needle,  of  which  I  nlways  speak, 
\%  produced  iu  two  ways.  The  needle  travels  as  positiroly  hy 
the  withdrawal  of  a  direct  cause  of  action  a.1  it  does  under  the 
immediate  direct  action  of  that  canst-,  but  iit  the  contrary  direc- 
tion (^082,).  A  iFcatcning  may  1h;  the  result  cither  of  the 
eoming  ap  of  the  sun  on  the  cnst  of  the  place  of  obserration,  or 
i>f  it«  wit  hdrawnl  in  tlie  west,  after  he  has  paued  over  the  meri- 
dian and  produced  the  great  east  swing. 

8009.  S/.  Petertburgh  has  a  mean  dccliuation  of  6^  10*  W., 
and  a  dip  of  70*^  SO'  N. ;  therefore,  thouf^h  the  magnetic  and 
■atrouomical  meridians  arc  not  very  oblique  to  each  other,  utill 
th«  sun  or  Tarm  region  rcachen  the  former  from  30'  to  VY  before 
the  latter,  anc)  hence  the  time  of  tlic  great  suii.swiug,    which  is 
from  20  to  1  o'clock,  is  made  earlier  than  it  otherwise  would  be. 
The  magnetic  equator  of  the  needle  (2077.)  forms  an  angle  of 
about  40°  with  tlie  earth's  equator,  and  being  thus  tilled,  it 
disposes  tlic  two  quadrants  ehieBy  concerned  in  the  daily  varia- 
tion (2979.), »,  that  in  the  St.  Peterahurgh  summer  the  warmeat 
.  rftgion  is  not  only  far  nearer  to  the  uecdic,  but  payees  through 
''the  strongest  places  ofaetiou  of  the  quadrants,  whereas  in  winter 
it  is  further  off,  and  also  iu  much  weaker  positiona.     Hence  a 
cause,  as  I  bclicTC,  of  the  great  difference  in  the  amount  of  va- 
'riatton  of  declination,  and  also  of  itA  character:  in  November, 
December  anil  January,  it  is  from  ^'%7  to  4''G3  only,  whilst 
in  June  it  is  ll'-52'.    Sco  the  Tables,  p.  271,  and  the  Curves, 
Plate  11. 
SOIO.  In  December  or  January,  Iwiug  St.  Pctersbm-gh  winter, 

'  llitt  MBtening  and  wfstanjn^  of  a  free  ^piao^needld  on  sot  properly 
„-.«a«Bl«d  by  l^  raatviiwiitfl  uf  n  horixoDtal  nwdle,  iDumudi  ait  at  places 
jrith  iLUTenatdipthft  aa^ie  ii  rMdofl'<>ni>lane«diiria«'iitIy  incliuMi  tu  the  dip 
IlMlf,  and  in  li^li  l»titudci»  tliu  eirect  ta  K«»tly  e»»(g«roled.  But  though 
dilKtffrBt  pUeea  luay  not  be  c^jnipand  witliuut  a  conectiunt  th«  vBiiatioiH  for 
^  auDxs  placo  as  ^U  I'et«nburgh  are  c<aii[i&n>t)lo  uul  proportioiiatA 
VOIh  III.  V 
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the  sun-flving  cast  almost  disappears.  It  is  over  by  1  o'clock', 
after  which  the  upper  end  of  the  needle  follows  the  sou  until  Q*", 
ha>'ing  passed  its  mean  positiou  at  5^.  It  then  stops,  after  which 
It  moves  cast  iinti)  1(1*'  ur  17'';  then  agaiu  stops,  or  □cart}'  so, 
until  21'',  aud  then  the  sun-swing  cornea  on,  carrying  it  to  ex- 
treme caat.  So  hero  there  arc  two  very  important  polota  to 
explain,  namely^  why  the  needle  moves  eastward  after  9**,  and 
why  it  does  not  travel  westward  from  13*  to  20'',  but,  on  the 
contrary,  is  travelling  eastwards  or  standing  still :  the  explana- 
tion, according  1o  my  view,  is  as  follows  :— St.  Petcrsburgh  is  a 
place  in  which,  from  its  position,  the  upper  cold,  consequent 
upon  the  daily  witttdrawal  of  the  aun,  would  produce  a  para* 
magnetic  action  (3994.  3003.}.  This  action,  as  tho  sun  set, 
wotihl  begin  to  appear  on  the  east,  tmd  1  conclude  that  at  0''-ll' 
the  cold  regicm  coming  up  from  tlic  east,  not  on  tho  latitude  of 
the  sun's  path,  which  is  far  to  the  south,  but  probably  near  to 
that  of  Rt.  Petcrsburgh  itself,  is  able  at  I>-11  o'clock,  during 
which  tlic  uec'iUc  is  stationary,  to  counteract  any  remaining 
tendency  westward,  and  after  that  to  draw  the  line  of  force  and 
the  iierdln  end  eastward  until  17  o'clock,  and  to  hold  it  there, 
after  which  the  siin  soiids  it  eastward  in  the  great  swing.  That 
the  colli,  considering  its  proWble  position,  may  well  direct  the 
needle  end  eastward  til]  17",  and  the  aun  region  not  send  it 
westward  from  17"  to  20*'  or  Ul",  is  seen,  1  think,  to  Ijc  a  very 
natural  consequence  of  the  probable  position  of  the  two  regions 
between  these  hours.  For  letting  the  sun  (whose  place  we  know] 
represeul  the  warm  region  at  17^  be  is  then  in  tlie  eastern  qua- 
drant below  the  horizon,  so  that  if  be  could  affect  the  needle 
through  or  round  the  earth  (2995.),  It  would  tie  tocuatcn  it,  and 
it  continues  in  that  quadrant  until  19''.  Then  at  19'',  wben  ho 
enters  tho  quadrant,  iu  which  he  begins  to  exert  a  westcning 
action  on  the  sun,  he  is  iu  such  a  poaitiun  as  respects  the  needle 
at  St.  Petersburgh  (as  is  seeu  by  a  line  drawn  over  the  surface  of 
the  globe  (2990.)  and  compared  with  the  magnetic  meridian  and 
dip),  aud  in  so  inefficient  a  part  of  tlic  quadruut  (2982.),  and 
also  BO  lar  o£E,  that  it  has  no  power  to  send  the  needle  west- 
ward, but  only  in  association  with  tbo  retreating  cold  region  to 


'  The  St.  Vt/Umhvigb  abservotiotunreatSljnmiutocafkicach  hour;  but 
I  uciutiuD  Lite  hour  without  tlio  Quiiutes  usuJficienl  fora  general  stAtvionit. 
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hold  it  there,  until  at  2V,  or  thereabout,  tho  sun-awing  froui 
west  to  (ia»i  occurs  as  tu  othur  cdsch.  After  thin  the  needle 
follows  the  sun  from  1  o'clock,  bcinf?,  a»  the  hours  advanco, 
gradually  arreated  and  tak<-n  up  hy  the  cold  region  of  the  next 
tiretity>fbur  hours^  aa  nlreudy  lU-McritiE^d. 

3011.  I  have  couiiidiu^  the  cold  castcnitig  as  continued  until 
as  late  as  17',  nhicli  would  imply  iirobahly  that  until  that  hour 
the  cold  region  was  cast  of  St.  Potersburgh.    It  is  vciy  difficult 
to  sjKudt,  crcii  in  a  general  mauncr,  of  the  places  or  times  of 
things  so  little  identified  as  yet,  a*  the  warm  and  cold  regions  in 
the  upper  atmosphere  ;  hut  referring:  to  the  temperatures  ou  the 
earth  at  St.  Fctcr«1)iirgh,  I  nmy  point  out,  that  the  extreme  cold 
is,  in  the  month  of  Jauuary,  &s  lato  as  19  and  20  o'clock,  and 
fiVf  fwitrs  later  than  it  is  in  the  Bumnicr  months.     I  may  also 
point  out  here,  for  useiiithewiromermoiuhs,  that  the  masitnuin 
heat  varie«  three  hours  in  the  opposite  direction)  so  that  whilst 
from  the  highest  lo  the  lowest  temjieratun'  in  the  day  in  only 
oletxn  htiuri)  iu  Humnicr,  it  is  niuctecu  hours  in  winter^  as  may 
be  »ecu  by  the  Temperature  Table,  p.  271.     Aa  the  day  comefl 
ou,  thcpeforc,  in  Jauuary   the  liigheat  temjmratupo  is  only  five 
houFJt  after  the  lowest,  whieh  aeeoi-ds generally  with  the  assumed 
cause  of  the  ed'ects  on  the  needle'. 

3012.  As  I  am  endeavouring  to  make  St.  Pcicraburgh  a  gene- 
ra case  of  night  action  for  the  explanation  of  corresponding 
eftbcto  at  other  places,  so  1  may  notice  that  the  night  action 
mtut  contain  a  portion  of  sun  effect  which  combines  with  that 
of  the  cold.  The  action  of  the  sun  is  hnowu  by  observation  to 
I)e  very  extended ;  iu  the  case  of  St.  FctcrBburgh,  tlic  sun,  when 
at  tlic  southern  tropic  and  on  the  meridian,  is  between  80°  aud 
OC  from  the  station,  and  yot  we  see  by  the  observations  and 
Carres  how  large  an  eETeet  he  prodiicpa  (;J()09.).  Wherever  tlio 
sun  may  be,  he  is  by  his  motion  causlug  changes  wbicli  are  felt 
simultaneously  over  the  whole  globe ;  and  at  9  and  10  o'clock  he 
is  in  an  efTcctual  part  of  that  quadrant  which  would  send  the 

'  in  rplation  to  the  cold  <1  tb*  tipper  annoBplicir*  and  Uw  .-.<vninMiw  of  its 
maxiruuia  (at  Pfrtalri  Irvcla  at  I<'ik«t ),  not  nl  inidiiigjit  l)ut  liouw  aAer,  Iiow 
often  d"  w«  in  this  country  KO  B  clear  bright  night,  «iid  thw)  j  u*l  luAirft  llio 
Bun  Tvrt,  tliL'  fomiAtiiju  of  A  nil  oE  clouds  liigb  up,  and,  upon  his  appearing, 
llteir  diwnluiiiin  and  ptusing  sway  I  In  tboo  cases  tho  cluud?  nhuw  Uio  tioui 
of  gKat««t  Cold  abuvo  by  their  ftmuBtioa,  and  by  tludr  dusolutiou  ite  qulclt 
rtvwHoa  and  change  iatu  increteing  wnnatb, 
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ncodlc  eastward  if  the  cartli  were  rcptiu^  by  air,  and  in  Uie 
Tcprcsoutativc  experiments  vritL  a  hcHx  (299!>.)  does  so  send  it 
castwani  wlicu  a  magnet  is  iiitcrpOHod.  Tlie  night  action  uuglit 
therefore  to  be  greatest  iu  wiutofj  a&  it  is,  beoauae  the  cold  is 
then  most  intense,  and  also  because  the  action  of  the  distant  sun 
coincides  with  it.  It  is  very  probable  that  many  of  the  carious 
contortions  of  tlic  night  action  which  appear  in  the  ciirvca  of 
Hobarton,  Toronto  and  clswhcrc,  may  depend  upon  the  manner 
iu  whieh,  nt  difTcrciit  hours,  these  two  causes  (probably  nith 
others)  conlbiue  together. 

8013.  Though  tlie  declination  varies  little  or  nothing  between 
17"  and  21",  no  wcstcning  then  appearing  (3010.)!  still  I  should 
c::pect  a  markcti  action  on  the  iucliaatiuu  at  that  time,  aud  con- 
elude  that  it  will  be  on  the  increase;  but  1  have  not  becu  able 
to  obtain  a  table  of  the  daily  variation  of  inclination. 

3014.  In  the  month  of  February  the  same  remarks  apply ; 
but  as  tlic  sun  is  now  coming  from  the  southern  signs  and 
drawing  nearer  to  St.  Pctcrsbiirgh  its  power  is  incrcosiug,  and 
tliis  is  shown  by  making  the  cold  enatouiug  for  15\  IC'  and  17" 
lesa  in  extent  than  before  by  more  tlmn  half  a  minute  {of  a  de- 
gree), nnd  by  absolutely  overcoming  it  aud  making  a  return 
westwards  between  1 7'' and  IS'',  before  the  swing  to  the  east 
comes  on.  In  March  the  cfTcet  is  still  more  striking  ;  the  para- 
magnetic eastcning  is  arrested  nt  14-%  aud  tbc  foUowiug  diamog- 
netic  wcatcniug  extends  to  SO'' ;  then  follows  the  swing.  In 
April  the  wcstcning  by  the  warm  region  in  an  early  as  13"  and 
continues  to  SO*",  bciog  very  strong.  It  is  interesting  to  look  at 
the  Table  of  Temperatures  for  these  months,  even  as  they  are 
obtained  at  the  earth's  surface.  As  the  months  come  on  the 
eastcning  from  the  cold  ccasca  sooner  aud  sooner,  being  iu 
January  and  April  17''  aud  18'  rttpcctivdy.  The  minimum  of 
temperature  also  retreats,  being  for  the  same  month  StJ"  and  16^. 
On  the  contrary,  the  maicimnm  of  heat  advancea  from  the  winter 
to  the  summer  months,  Ixriug  also  greatly  increased ;  and  the 
effect  on  the  sun-swing  is  seen  both  iu  the  advanced  time  of 
change  and  the  iucremcd  amount  of  variation. 

3015.  In  May  and  June  the  night  or  cold  castening  has  dis- 
appeared, or  is  shown  only  by  a  little  heaitatiou ;  aud  from 
midnight  the  coming  on  of  the  sun  rogiou  seta  the  needle  end 
west.    If  we  look  nt  the  globe  (3996.),  we  sbotdd  be  led  to  ex- 


Kov.  1850.]     St.  Ptimbtirgh—coid  ^ect  at  night. 
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pect  that  it  woHld  do  this.  The  sun  is  tbea  in  the  nortlicm 
tropic  ne&rly,  wheeling  round  St.  Petersburgli  and  comparatively 
near  to  it ;  and  a  free  dipiiing  needle  would  in  twenty-four  faoura 
maiio  one  rcTolution  in  the  same  direction  as  the  sun  region, 
but  at  the  opposite  end  of  the  line,  joiuing  the  two  together.  If 
the  needle  were  at  the  aatronomicnl  pole  of  the  earth,  haWng 
great  dipj  it  would  describe  almost  a  circle  with  nearly  uniform 
motion  ;  but  being  really  much  nearer  to  the  warm  region  in 
one  port  of  the  uniform  duily  course  of  the  latter  than  another, 
the  radius  vector  joiuiuK  >t  with  tlic  region  then  makes  a  much 
gniater  angle  in  n  given  time  tliaii  when  it  is  further  off,  and 
hcueu  the  grenttT  raiiidity  of  the  moliou  bctwcfu  20''  and  l*" , 
and  the  production  of  what  I  hare  iamiliarly  called  the  sun- 
Bwing  from  west  to  east 

SOlfi.  It  will  he  seen  from  the  Tabic  of  Curves  (Plato  II.)» 
tliat  we  have  at  St,  I'ctersburgh  a  fine  example  of  that  kind  of 
result  which  Colonel  Sabine  calU  attention  to  so  strongly  iu 
his  paper  upon  the  St.  Helena  plnenoniena  ' ;  and  those  oc« 
curriug  at  Hobarton,  Toronto  and  elsewhere ;  namely,  a  declina- 
tion rariation  in  dijferent  dircctiona  for  the  same  hours  in  different 
months.  Thus,  iu  the  present  case,  the  uccdic  end  goes  cast- 
ward  for  the  hour*  IS""  to  20"  in  October,  N'ovembcrj  December, 
January  and  February,  vhiUt  it  goea  vest  for  the  same  hoora 
in  April,  May,  June,  July  and  August :  Tklarch  and  Septcmlier 
Curve«  full  midway.  But  this  ditfercuce  ia  now  I  hope  by  tho 
liyi>olhe»is  accounted  for  (3010.  3015.),  and  I  trust  that  equally 
■atijiiactory  reasons  will  appear  for  St.  Helena  (.^015.)  and  other 
places  (3032.  :3031».  3065.). 

3017.  "Rie  paramagnetic  character  of  the  casteniug  eOeet  by 
cold  in  the  winter  months  after  10  o'clock,  would  probably  be 
illustrated  hy  iucUnatiou  observations  for  the  same  time;  for  if 
the  cold  region  passes  to  the  south  of  St.  Pctor«bui^h  the  incli- 
nation will  be  decreased  by  the  paramagnetic  action,  but  increased 
by  the  diamagnetic  resultant;  and  the  manner  in  which  these 
two  elements  of  direction,  i.  e.  inclination  and  declination,  are 
combined  at  any  given  moment,  is  TCrj'  imjiortant  to  the  full 
elucidation  of  the  magnetic  effect  of  the  atmosphere.  I  have 
not  been  able  to  give  thc-w  data  fnr  St.  Petersburg,  Tho 
total  force  variations  would  also  help  greatly  to  clear  up  the 
'  PhiU»>p!  ileal  TrftntaclioBl  .&47,p.  51. 
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subject.  Imlt-c'it  it  in  not  Fair  to  cndc4roQr  to  ciplain  the  re- 
sults of  tlic  tiHsigacd  cause  by  taking  only  one  clement  of  three 
into  conaideration.  Whnt  we  pwjuire  ultimately  to  know,  ia  all 
ttie  clia.tt{fc«  of  a  Free  needle  in  pcnttioii  nud  in  respect  of  power. 
All  are  important,  and  all  should  be- considered  at  oucc.  I  jm:- 
euiuc  that  the  theory  of  the  variatious  cuonot  advimce  very  fiu* 
without  thc-ir  joiut  cousidcration. 

3018.  Greenwich  presenta  a  fine  case  of  the  night  episode,  and 
the  different  dircctiuuii  of  the  magnetic  variation  for  the  same 
houra  in  dUTercut  aiontlis.  In  these  respects  it  is  very  much 
like  St.  rctershurgh,  hut  has  great  additional  interest,  because 
of  the  large  nestem  dccHiiatiou',  and  the  effect  produced  by  it 
on  tlic  places  of  the  actire  quadrants  {2979.  3000.),  and  the 
time*  of  the  variation  phsenomcua.  On  setting  up  its  position 
on  the  globe  (299G.),  it  will  be  seen  that  the  ei]_iiatorial  plane  is 
not  likely  to  be  much  concerned  in  the  midday  action,  and  that 
the  fiun  or  warm  region  passes  nearly  across  the  middle  of  the 
two  chief  quadrautit  in  summer;  which  ivtth  ita  nearness  at  the 
Bamc  time,  ought  to  make  the  midday  awing  to  cast  -very  great. 
In  winter  it  is  further  ofl'  and  iu  much  weaker  ports  of  the  qua- 
drtiitt,  80  that  the  swing  ought  to  be  far  Iom,  and  such  ta  the 
case.  The  greatest  aummer  variation  ia  II ''30,  and  the  leant 
winter  variatitui  only  3'"88.  In  April,  May,  June,  July  and 
August,  the  great  west  declination  of  the  south  or  upjwr  end  of 
the  needle  is  at  19''  30',  and  the  chief  cast  position  at  I"  20'. 
The  tatter  position  remaius  the  tiamc  all  the  year  round,  but  the 
extreme  westeiiing  is  in  the  other  seven  (cohl)  mouths  at  9'  20' 
and  11'' 20'",  or  verging  towards  midnight;  it  then  surpassing  the 
moniing-  west  deflection.  Thus  tlic  ami's  effect  in  summer,  in 
weakening  the  cold  night  effect  (3005.),  is  verj-  evident ;  and  so 
also iR  the  manner  in  which  the  night  action  grows  upj  until  very 
prominent,  in  the  winter  months,  through  the  strengthening  of 
the  cold  action  (300G.),  wheu  the  sun  is  towanls  the  southern 
tropic  and  iu  the  weaker  parts  of  the  sognicnta.  The  assumed 
principles  of  this  action  have  been  already  given  in  the  case  of 
St.  Petcraburgh  (3010.  fee.). 

'  M«n  ioclinntioii  92"  61'  W.    Mean  inclinBtion  C0»  S. 
'  Soe  tho  CurTc■^  Plate  II.    Tho  obwrralioaB  are  oaly  for  evcnr  twa  henrtt 
M  that  no  degVM  tif  niciily  can  he  ^ijkMtfid  ia  awlgning  Uiv  tiiae  uf  any  givvn 
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3019.  Tiic  magnetic  meridian  is  mnch  to  tbc  east  of  the  astro- 
nomical meridian,  wlierc  the  warm  region  paases  itj  especially  la 
irinter,  for  tlicn  tbc  aim  crosaca  it  about  10  o'clodij  and  iu  sum- 
mer about  11  o'clock.  Hcucc  the  awing  ought  to  be  earlier  ia 
winter  then  in  summer,  though,  because  of  Ihc  slower  angular 
motiou  of  the  warm  region  in  relation  to  Greenwich  (3015.),  it 
ought  then  to  occupy  a  longer  time;  and  yet,  aa  aWre  said 
(8018.),  be,  by  reason  of  distance,  of  smaller  amount.  All  this 
appcare  to  accord  remarkably  with  the  fact.  The  swing  begins 
at  17"  in  the  n-intcr  bnt  not  until  \S3^  in  the  summer,  and  coding 
tX  the  same  hour  at  both  ecasons,  namely,  1  o'clock,  is  much 
longer  in  its  occiirrcnce  in  winter  than  in  summer.  It  begini. 
earlier,  l)ecauee  the  magnetic  meridian  is  sooner  passed  than  ia 
summer ;  and  the  reason  also  appeam  why  the  extension  in  time 
ifl  at  the  iKginning  mtlicr  than  at  the  temiinalion  of  the  swing ; 
for,  because  of  the  declination,  the  worm  region  is  at  the  Rnmo 
honm  much  less  cast  of  the  magnetic  meridian  in  the  morning 
and  mnch  further  west  of  it  in  the  aftcnmoii,  in  winter  than  in 
summer;  hence  tlie  swing  it  thnum  forward  in  time  in  winterj 
and  though  prolonged,  its  tcrmiuatiou  coincides  with  the  ter- 
mination in  enmmcr,  as  far  at  least  as  tlicsc  tvro'hour  obscrvo- 
tiou«  Coil  indicate. 

3020.  As  the  region  precedes  the  sun,  the  degree  of  mean  de- 
clination here  ought  to  make  the  diiy-swing  come  on  early,  i.  e. 
earlier  thun  at  ilobarton,  and  cHpecially  earlier  than  at  Toronto, 
unleas  other  causes  of  variation  interfere.  Now  the  beginning 
is  earlier  thnu  at  Toronto,  but  the  end  the  same.  Both  tbo 
bogiuiiing  and  the  end  is  an  hour  earlier  than  at  Hobarton. 
The  latter  difference  1  believe  due  to  tlie  difference  of  mean  de- 
clination :  at  Toronto,  T  think,  we  shall  find  another  couno  in- 
fluencing the  time  (3032.). 

3031.  We  are  to  remember  also  that  in  winter  the  aun  or 
worm  region  pasecs  the  magnetic  meridian  two  hours  before  he 
pamea  the  astronomical  meridian ;  and  therefore  his  effect  in 
giving  west  position  to  the  south  or  upper  end  of  the  necdio 
ccaaoa  long  before  it  does  iu  summer,  and  pcrliapa  even  before 
it  oeues  to  come  nearer ;  and  so  the  eastern  after-effect  on  it 
ought  to  be  greater,  wliich  it  is.  This  eastern  effect  should  be 
strengthened  aUo,  because  the  action  of  the  worm  region  on  the 
needle  ought  to  be  comparatively  great  after  passing  the  mag- 
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uetic  meridian ;  for  its  p&th  fonns  an  obtuse  angle  with  the 
mcritUau  before  tlieiiassagcaiid  an  ttcnteoneafterward8(3000,), 
anil  therefore  it  is  more  powerful.  To  all  these  causes  of  action 
will  be  added  the  effect  for  tlic  time  of  the  ookl  lu  the  distant 
WCTt  (3005.). 

3023.  The  CMC  of  difference  of  direction  before  19*  (3016.)  is 
very  markocl  nt  Greenwich,  ns  may  be  seen  by  looking  at  the 
Curres  for  the  montlii,  Plate  II.  The  south  or  upper  end  of 
the  ncedtc  goes  west  in  May,  June,  July  and  August,  from 
12'' to  ly**,!.  e.  from  midnight  to  five  lioiurs  before  noon ; 
but  in  October,  NoTcmbcr,  December  and  Janaary>  it  ia  caat- 
eniug  at  the  same  hours.  Considering  first  a  summer  month, 
as  June,  the  upper  end  of  the  needle  is  westward  at  the  sun 
comes  onward  (as  it  ought  to  be)  until  1 9**,  when  he  is  almost 
in  the  middle  of  hia  passage  through  the  cast  quadrant ;  and  in 
respect  of  distance  and  angular  relation  to  the  magnetic  meridian, 
the  warm  region  is  then,  probably,  in  the  place  of  greatest  power 
tu  produce  ncstening  of  the  needle  end'.  In  tbc  next  six  hours 
tlic  iitrudlc  passes  to  extreme  ctutt,  performing,  according  to  the 
uhstTvatious,  a  fourth  of  the  whole  awing  luthe  first  two  hours, 
a  half  iu  the  ncit  two,  and  a  fourth  in  the  remuiuirtg  two,  the 
journey  being  uo  doubt  with  first  rapidly  increasing  and  then 
rapidly  dimiuishiiig  velocity.  In  lUis  traustt  of  the  region,  the 
sun  18  for  about  two-thirds  of  the  time  iu  the  eastern  quadrant, 
and  one-third  in  the  western ;  and  his  path  in  the  latter  third 
forms  alRK>!<t  the  hasc  of  an  equilateral  triangle  with  Ctixxnwieh, 
having  the  raogiictie  meridian  for  one  «ide,  so  that  aU  that  time 
it  is  close  to  a:id  thci-cfore  has  strong  action  on  the  needle  (;JOOO.). 
The  sun  is  at  l*"  in  such  a  ]ioHition  as  respecl.s  this  angle,  that  if 
wc  assume  the  region  to  be  somewhat  iu  advance  of  it,  the  latter 
would  be  in  that  place  where  it  could  exert  it«  maximum  east- 
eniug  efl'cct;  and  therefore  after  that,  as  it  recedes  westwards, 
would  let  the  needle  rctuni  from  cast  to  west,  as  it  doe«,  fol- 
lowing it.  The  needle  continues  to  go  west,  passing  its  mean 
plat:c  for  the  mouth  alioiit  """i  in  the  lucantimc,  before  that,  at 
a  little  after  6  o'clock,  the  sun  has  left  the  western  segment  by 

'  It  must  Dot  be  forgotten,  that  the  return  from  fla  exlrvme  i-il*!  or  west 
poeitioii  b  not  when  tLii>  Bttn  or  witroi  n>^'i«n  \iiiaia»  by  a  nmulnd  line,  or  f^om 
one  qoadrant  to  uuothur,  but  wboQ  it  paaecs  its  point  of  gieatwt  sctiuu  iit  a 
ciuiiJnut  U8^-)< 
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passing  the  magnetic  ct)uattir  ;  it  hofi  not  yet  net  to  Cfreenwich, 
and  if  it  hare  any  ac;t!oii,  it  will,  because-  of  tlic  segmeut  !t  ts 
now  in  (2t)79.),  atill  be  to  carrj-  the  needle  end  taesltcard.  Tlic 
cud  in  fact  continues  to  go  westward,  slonlvonWj  after  10  o'clock, 
gaming  a  little  from  10''  to  15" ;  and  tbcn,  as  the  sun  comes  up, 
passing  more  rapidly  west,  as  it  ought  to  do,  until  10'',  and 
finally  making  tlic  great  swing  to  the  cast  as  before.  The  whole 
progressiou  here  is  Tci^'  simple,  and  apparently  a  nntural  rcaiilt 
of  the  asntimed  cnune.  KfTixts  of  c(K)liiig  no  donht  eutue  in ; 
but  the  cold  region  hojs  diniinislied  in  iutciisit>'  and  extcat 
(3{KW.),hns  retrcnted  northward,  and  itsaotioii  appears  in  com- 
bining with  the  former  tu  produce  only  viirintions  in  the  velocity 
of  the  change. 

3023.  Then  for  the  winter,  let  us  consider  January ;  and,  iw 
the  casteuiug  is  a  maximum  in  all  the  moutha  at  1  o'clock,  afler 
the  sun's  pflasago  across  the  meridian,  let  us  begin  the  cycle 
there.  At  1^  the  upper  cud  oE  the  needle  is  at  extreme  eiust, 
and  tbeamouut  of  the  varia.tioii  not  half  what  it  was  in  summer, 
the  sun  being  now  far  off.  The  sun  aud  warm  region  pass  the 
magnetic  meridian  about  31''  or  22'' ;  and  therefore,  in  the  houi? 
before  and  after  that,  should  produce  the  full  west  to  cast  effect. 
At  1  o'clock  the  needle  returns  west,  following  the  retreating  sun, 
and  does  so  quickly  for  seven  or  eight  hours,  or  up  to  i)'', 
during  whicli  time  the  wnrm  region,  and  also  the  early  morning 
cold  region,  arc  in  qnadranta  and  positions,  which,  if  they  have 
any  action  ut  all  like  tliat  referred  to  in  the  experiments  {S!)75. 
2iJS>5.),  would  then  set  or  hold  the  needle  end  west  of  its  mean 
position.  Then  an  action  of  the  following  kind  snperreues ;  tlic 
needle  remains  stationary  until  II*",  after  which  it  gops  esat  nt 
midnight  and  until  lu*" ;  agaiu  reiiiaius  stwtiouarj',  or  nearly  sO, 
for  two  hours;  then  caatenn  again,  slowly  at  first  and  oftcm-urds 
more  rapidly,  xmtil  l"",  when  it  has  atttaincd  its  maximum  cnst- 
cuing  and  the  place  from  whence  it  set  out. 

30^.  This  night  action  is  nnother  case  of  the  action  of  acold 
region  like  that  considered  in  respect  of  St.  Pctcrsburgli  (3010.) . 
It  appears  to  mc  that  at  1 L**  the  immediate  sun  action  and  return 
weat  after  it,  were  over;  that  the  cold  region  which  was  coming 
round  from  the  east  did  then  act  by  its  ]inramagnetie  condition 
(oombined  with  the  complementary  effects  of  the  sun's  action 
on  the  other  side  of  the  globe},  aad  set  the  uocdlc*  eastward,  as 
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it  woold  be  competent  to  do  (2994.  8010.)  until  14*  or  IS*".  In 
caatcning,  the  needle  docs  not  nrrirc  at  the  mean  place,  but  is 
still  r  west  of  it  ;  and  Che  reason  vliy  it  banpi  tUcrc  from  Ig** 
to  17^  and  then  begins  to  go  cast  ngain,  more  and  more  under 
the  sun's  action,  is  probably  that,  as  the  sun  rises  in  the  southern 
tropics,  his  distance  and  position  bring  the  resulting  distant 
warm  rc^oit  gruduall}'  into  action  with  that  of  the  nearer  cold  ; 
that  at  first  he  stops  the  action  of  the  latter,  and  them  as  he  ad- 
vances comhincs  with  and  6naUy  replaces  it ;  causing  the  usual 
Bwjug  to  cumo  on,  slowly  at  llrst  and  then  quickly,  from  west  to 
euat  by  V*.  How  tliis  would  happen  is  welt  seen,  both  as  re- 
spects the  ]jliice  of  the  sun  in  the  .loutheru  hcmisjihcre,  and  in 
the  two  magnetic  segments,  by  reference  to  the  globe  (21)06.) 
and  the  diagram  of  tho  curves  of  rariatiou,  Plate  II. 

3035.  Considering  another  and  an  intermediate  month 
March  ;  at  V'  the  upper  end  of  the  needle  ia  at  extreme  east  J 
then  until  S**  it  follows  tlic  sun  as  before  (3023.).  From  9^  to 
11"  it  is  stationary ;  then  the  paramagnetic  action  of  cold  from 
the  cast  occurs,  and  the  needle  morcscast  until  IS**.  It  is  then 
stopped,  and  two  houra  sooner  then  before  j  for  the  snn  now  ap- 
pears to  Greenwich  ns  early  as  G  o'clock,  and  in  a  more  favour- 
able position  for  cfTeet,  both  a.s  regards  the  magnetic  meridian 
and  ihc  segment  in  which  it  hn»  for  tbe  time  its  ptnec;  and  ho 
the  needle  is  actually  wni  west  for  a  couple  of  hours.  It  is  then 
almost  held  j^tcady  until  19",  after  which  the  great  sun-swing 
occurs.  Tlic  holding  west  and  yet  the  absence  of  more  wc»t- 
cuing  between  15"  and  19\  is  not  iuconsiatent  with  the  Bonthem 
place  nf  the  warm  region,  nnd  it  i»  pi-otable  that  at  that  time  the 
d^P  is  iiicrcauing ;  an  effect  which  would  accord  very  liarraoniously 
with  the  conditions  of  matters  «t  tlie  time, 

302(5.  Other  months  arc  OH  this  or  that  side  of  March  in 
respect  oE  their  clTects  j  the  corresponding  month  on  the  opposite 
aide  of  the  ycnr  (September)  is  the  same  as  March,  except  in 
that  portion  of  effect  which  is  consequent  upon  a  month  follow. 
irg  one  that  is  warmer  or  colder  than  itself  (3053.).  Greenwich 
therefore  sntisfactcrilyilluatraics  the  application  of  the  hypothesis 
to  the  case  of  a  difference  in  direction  for  the  same  hour  in  dif* 
fcrcht  month*  (S016.  302^.)  j  and  also  tlic  occnrrcuce  of  tho 
night  eflt'cl,  and  its  transition  into  the  very  moxked  castcuiog  of 
the  early  morning. 
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3027.  The  cases  of  Hof/arton  and  Toronto  aro  mo  sirailur, 
lliaugli  iu  opposite  licmisphrrua,  tliat  tlicy  may  be  coiisideral 
together.  A  very  important  compiu-ison  of  the  phicnotneaii  at 
both  placM  hti.-!  been  already  mmlc  by  CoU)nel  Sabine  iu  relation 
to  tlie  variations  of  (leclination,  ineliiiatiuu,  auil  total  fon^;'. 
When  examined  by  the  globe  (2!)9(i.)  the  diBtribution  of  the 
qnndrantK  is  nearly  alike,  the  sun  being  in  tiro  chief  caet  and 
wust  quaJraiita,  from  about  18  to  G  o'cloek,  or  diuing  the  day. 
The  sun  is  in  more  inrtucntial  part*  of  the(|uadnmta  in  summer 
than  in  winter,  anil  the  effect  i«  seen  in  the  difference  of  the 
amount  of  declination  variation.  At  Hobarton  it  \»  12'*05  in 
Bummcr  and  only  3''6  in  winter.  At  Tomnto  it  is  H'  in  snmmcr 
and  h'-'i  in  winter.  The  night  action  st  botli  is  alike  in  charaeLcr, 
and  has  been  siifiicicntly  explained  nceurding  to  the  hypothesis 
in  the  former  easeji  (3010.  302t.). 

3028.  Colonel  Sabine  haa  {jivcn  the  data  by  which  the  varia- 
tions uf  the  ineliuatiun  and  of  the  total  force  at  Hol)art()n  and 
Toronto  may  bo  compared  with  and  applied  to  the  hypothesis  ; 
but  1  hesitate  to  enter  upon  them  in  this  general  vitv,  inasmuch 
as  these  and  the  declination  variations  should  he  closely  con- 
sidered and  compared  together  at  every  hour  for  each  particular 
place.  The  inclination  variation  at  Ilobortou  is  greatest  in  its 
summer,  being  then  3''I8,  and  least  in  winter,  or  ]''28,  sm  was 
to  be  expected.  The  great  variation  occurs  in  the  daj-time,  as 
with  the  declination ;  the  dip  being  most  as  the  sun  region  passes 
over  the  meridian.  The  greatest  dip  is  not  at  the  same  hmir  for 
all  the  mont!)8  ;  it  occurs  at  23  o'clock  for  December,  l-Vbrunrv 
and  March,  at  24  o'clock  for  September,  at  1  o'clock  for  June 
and  July  ;  as  it  moves  on  so  do  the  points  of  least  dip  on  each 
side  of  it,  so  that  the  whole  carve  advances  in  time  in  the  onlcr 
of  these  months.  There  is  also  another  affection  of  it,  for  the 
qnicktat  transition  is  from  moul  to  lea»t  dip  in  some  montbit,  as 
Drcemberj  I-'ehniary,  and  from  Uaat  to  most  dip  in  other  months, 
as  June,  July,  ScptemlK-r.  AtToronto  the  dip  variation,  though 
pccnliar  in  some  points,  may  be  said  to  have  the  same  general 
character. 

3029.  For  the  variation  of  the  total  force  at  both  placc*^  I  will 

'  nolitrtoa  ObMrratioot,  18M,  vol.  i,  p.  Ixviii.,  &c.  {  «leo  riuIoMjtliica] 
TianHdiom,  1&17,  p.  6&,  aod  l&JO,  pp.  ?01,  ^\ti,  &e.  Sen  the  Cur>c^ 
Plat*  II.J  and  Tables  (at  ToKOto,  pp.  S6V,  370. 
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at  present  only  ref«r  to  Colonel  Sabine's  toIuqcs,  and  tho  ob- 
servntions  he  has  made  thereon. 

3030.  These  i*  a  romarkable  difference  Wtwecn  the  timp.  of 
tha  day  chaiigca  at  Huhartou  and  Toronto,  to  which  Colonel 
Subinc  baa  called  attention.  It  oonsist«  in  the  occurrence  of 
those  ut  the  tatter  pliicc,  about  an  hour  before  those  of  the  former. 
If  thi»  huL  depended  upon  the  declination,  then  the  change 
lihutild  have  taken  place  lirst  at  Ilobarton,  For  there  the  sun 
arrives  at  the  nia^etic  meridian  before  he  oouies  tu  the  usln>- 
nomicul  mcridiau,  nud  for  like  hours  of  local  time  he  iH  iu  a 
better  poBitiou  in  the  quadrant  la  tbc  afternoon  than  at  Toronto ; 
»tilt  it  is  the  later  of  the  two. 

3031.  If  the  time  of  the  eun-swiug  from  west  to  eaat  be  cou- 
sidercd^  tlic  middle  of  it  ought  to  be  somewhere  near  the  pcric 
when  the  warm  region  is  piisKitig  the  magnetic  meridian  (398:2.), 
and  in  that  way  supplies  an  approximative  expression  of  the 
relative  ponitioiis  of  tbc  region  and  the  sun.  The  swing  i»  at 
Ilobartou  from  31  to  2  o'clock,  or  five  hours,  and  the  laagBCtic 
meridian  \»  posted  by  the  sun  ncnrly  in  the  middle  of  the  time, 
or  aa"*  Sty  o'clock .  liut  according  to  the  supposition  just  made, 
tbi«  is  aUo  the  time  at  which  the  warm  region  ought  also  to  paWj.. 
and  90  the  sun  and  the  region  in  thia  place  appear  to  arrive  at' 
the  meridian  together.  At  Toronia  thcsim-awing  is  about  four 
houTB  in  winter,  or  from  !il  to  1  o'clock,  oiid  five  hours  in  eum- 
mcr,  or  from  30  to  1  o'clock .  Of  the  latter  li  ve  horns  the  middle 
is  234  o'cloelt,  nt  which  time  the  region  ought  to  pass  over  the 
magnetic  meridian,  and  as  that  coincides  nearly  with  the  astro- 
nomical mcridiun,  it  appears  that  the  region  is  about  1^  hour 
btjhrc  the  sun.  iiy  a  similar  comparison  for  winter,  the  region 
irould  then  appear  to  be  about  an  hour  before  the  sun'. 

8032.  I  am  inclined  to  refer  much  of  this  prcecMiiou  of  the 
warm  region  at  Torunto  to  the  geographical  distribution  of  land 
and  water  there.  The  Atlantic  is  on  the  cast  and  the  continent 
of  America  on  the  west  of  tho  station,  and  &«  Dove**  chart*  and 
re»iilt»  iutimate,  the  temperature  may  rise  higher  and  sooner 

'  la  tvforctica  to  lliv  poe<iUoii  iu  ndvancc  oftbe  frun,  of  Uiorc-iultAnt  of  tkQH< 
KCtionawhieliHet  thoueedlticudwMtwanl.ne  must lemi'mbertluilthi- prece- 
ding Cold,  boing  jMrhnpd  aoren  tours  uulj'  to  tliu  vrat,  i>  by  Um  nctii»i  on  tlie 
|t[VDvrHl  nysU-iii  of  tho  curms  aiding  tli-s  weBteuing  wf  tin:  iioeiUo,  whiUt  tlio 
BUD  is  in  the  ewt  nud  vvimi  over  the  mcndiau  (300C.). 
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OTCT  the  land  tlian  orer  the  water,  and  so  throw  the  wanu  region 
iu  rwipcft  of  Toronto  iu  atlvttncc  of  the  time  or  of  the  sun.  In 
the  cu&e  of  Hubartoti  ibc  urraii^cmeut  is  different;  aud,in  fact, 
what  Laud  there  is  ia  between  the  advancing  suii  and  the  statiooj 
aud  would  tend  to  hold  the  worm  air  rcf^ioii  hack,  and  tend  to 
cause  its  time  to  eoiueide  with  tlial  of  the  sun.  Even  tho  greater 
difference  in  aummcr  thau  in  winter  at  Toronto  appcara  tu  be 
explicable  in  the  same  manner,  by  reference  to  tlie  relative  po«i- 
tion  of  the  sun  at  the  tTO  seasons  to  tlichiud  and  water  arrange- 
ment. 

3033.  Though  the  temperatiire  on  the  earth's  surface  ia  a  very 
uncertain  inilication  of  that  above  (2937.),  yet  a-s  far  as  it  goes 
it  hai'moiii7*»  with  this  view.  The  maximnm  temperature  oc- 
cun  sooner  after  miihtay  at  Hobarton  than  at  Toronto  ;  in  the 
former  place  it  is  at  2  o'clock  and  very  rogiilar,  and  the  mini- 
mum at  1(5-19  oVlock,  heinp  cariioriu  snmmrrand  later  in  win- 
ter. At  Toronto  the  maxima  are  from  2  to  ■%  o'clock,  and  the 
minima  at  lft-18  o'clock.  The  luusiiun  are  later  in  aummcrthau 
in  winter ;  the  minima  are  as  at  Hubartou,  bcJUff  later  iu  winter 
thau  in  summer.  The  mcui  temperature  is  lower  at  Toroato 
than  at  Hobarton,  being  as  -H""-iS  and  53*'''18:  the  range  of  varia- 
tion IB  also  greater,  being  at  Toronto  -13^  and  for  Hubarton 
only  18°. 

3034.  It  IB  probable  that  effects  of  retardation  and  accelera- 
tion, in  respect  of  the  passage  of  the  local  part  of  the  warm  re- 
gion for  a  given  place,  may  occur  in  many  part»  of  the  globe, 
and  thc»e  will  require  to  be  n£ccrtaincd  for  every  locality  and 
for  the  different  seasons  there.  A  place  having  the  reverse 
position  of  Toronto  would  have  a  i-cvcrst-d  or  retarded  effect ;  and 
hence  it  might  happen  that  needles  in  the  some  latitude  might 
be  affected  at  very  different  local  timca,  and  yet  all  be  rc^larly 
affected  every  twenty-four  hours.  The  region  would  in  that 
time  make  lis.  diurnal  revolution,  but  vary  iu  the  velocity  of  its 
different  parts  at  different  periods  of  its  journey,  and  tliat  in  a 
different  degree  and  order  for  different  latitudes,  and  for  different 
parts  of  the  same  parallel  of  latitude,  liven  the  time  dunug 
which  the  effect  (as  foriustonce  ihesuQ-swiug)  continued  would 
probably  he  altered  ;  one  place  holding  the  iutlucnee  lunger  and 
another  dismissing  it  sooner,  analogoua  to  two  conditions  of 
stable  and  unstable  equilibrium. 


302 


Atmotpheric  magtutiam.       [Sesieb  XXAII. 


8035.  Cape  qf  Good  Hope '. — Thin  station  U  in  longitude 
18^  33'  east  aud  latitude  33"  o6'  souUi.  The  mcaa  doclinatitm  is 
29^  west  and  the  dip  53*^  \h'  south.  The  omouat  of  dip,  cam- 
bincd  nitli  tla-  pusitiou  of  the  |>liiC£,  gives  a  magnetic  equator, 
which  pasacs  nearly  through  the  astrouomieal  poles,  and  so  the 
sun'ii  path  in  ever/  part  of  the  year  iutenecta  it  almost  at  right 
angles  aud  at  the  same  hour,  namclj',  about  20'  put  7  o'clock  io 
the  moraiug  aadcveaingi  ornt  10^  30'  and  7^20'.  But  because 
of  the  great  declination,  the  ma  ia  in  the  astrouomical  meridiau 
two  hours  before  ho  arrives  at  the  ma^ctic  mcridiau  ia  Capo 
winter,  and  half  an  hour  or  marc  before  in  Cape  taummer. 

303G.  Tlic  sun  pastKn  obliquely  through  both  the  chief  qua- 
dronta  and  across  their  central  parts  pretty  equably ;  bat  be- 
cause of  the  wc-stcru  churacter  uf  the  mean  declination  he  is 
much  nearer  the  Cape  vhcu  in  the  eastern  than  irhen  in  the 
TCtitem  quadrant  for  all  the  montlui,  and  so  tbc  eomiiif;  up 
effect,  i.  e.  the  wcsteuing  before  the  midday  swing  comnu-ncvs, 
ought  to  be  more  powerful  than  tbc  cajttening  after  it  is  orcr,  ami 
such  is  the  caao.  This  is  in  beautiful  and  striking  contract  to 
Greenwich,  which,  having  the  same  kind  of  mean  declination 
and  nearly  in  the  same  degree,  ia  on  the  north  of  the  sun's  path, 
and  therefore  the  luminary  passes  its  mnguctic  meridian  l>efore 
12  o'clock,  and  for  a  time  still  approaches  tbc  Htatiou  :  the  re- 
suit  is  the  reverse  efl'cct  to  what  wo  haTc  at  the  Cape;  for  the 
castcniug  effect  at  the  cud  of  the  midday  swing  is  more  powerful 
than  the  wcstcning  cficct  before  it,  as  is  well  seen  by  the  airvcs 
given  in  Plate  II. 

8037.  Selecting  July  as  the  month  in  which  the  effect  of 
winter  occurs  at  the  Cape,  we  find  that  the  day-swing  ia  very 
feeble,  Oil  it  ought  to  be,  the  sun  Iicing  in  the  northeni  tropic 
and  far  away;  and  the  swing  c(wt  is  at  an  end  by  three  o'clock 
wlien  the  sun  has  ])a&3cd  by  about  one  hour  orcr  the  magnetic 
meridian.  The  upper  or  north  end  of  the  needle  then  westena 
for  two  hoim,  following  thcsun  until  5**,  when  tbc  luminary  is 
low  to  the  Cape  mid  at  its  sotting.  After  timt  the  needle  end 
eastens  slowly  until  10",  then  a  little  more  quickly  unld  mid- 
night (j>aitsiug  the  mean  position  at  1 1^*) ;  quicker  still  until  \^ 
or  17'',  and  still  more  quickly  uutil  Itt"",  when  it  has  attained  its 
maximum  cast  position.    Tliia  efl'cct  I  believe  to  he  due  to  the 
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cold,  wbicli  in  these  liours  in  approacfaing  from  the  cost,  ami 
setting  by  its  paramagnetic  action  (3003.)  llie  needle  end  eiut- 
ward.  On  the  surface  of  the  earth  the  lu&ximum  cold  in  thia 
month  is  at  17^  or  IS*,  and  aa  far  a»  it  goes  this  result  acctmLi 
with  the  effect  above  described.  At  10^,  the  sun  in  rising  not 
only  stop*  the  CAstcning  but  quickly  drives  the  needle  back 
iignin,and  the  tatter  very  rapidly  goes  westward  until  about  23*,at 
which  time  tlie  sini-snTiiK  fi-om  wpst  to  rast  eomes  on^  being  over 
by  2*  or  3",  completing  the  daily  variation,  after  ■n-hich  the 
oeedk  goea  vest,  following  the  sun  as  before.  In  this  auu-wiug 
is  seen  the  effect  of  an  incliued  ma^ctic  mcridiau  [30UO.);  for 
though  the  siin  in,  at  the  bcginniog,  only  an  hour  east  of  tlie 
astronomical  meridian,  he  is  full  three  hours  to  the  cast  nf  the 
ma^ctic  meridian.  As  the  swing  occupies  about  fuur  hours, 
the  warm  rc^iou  is  probably  near  the  magnetic  mcridiau  about 
hidf-jiast  13  or  1  o'clock. 

3038.  January  presents  a  case  of  Cape  summer.  Tltc  day- 
swing  is  then  from  21*  to  1"  or  2''.  After  2"*  the  needle  upper 
end  follows  the  suu  westwanl  until  G*',  and  tbcu  moves  a  little 
eastwards  for  two  hours ;  after  this  it  moves  slowly  westward 
agiun,  the  whole  cfTcct  I>ciug  as  if  a  cold  region  had  occurred  on 
the  east,  had  jiassed  over  and  gone  away  west,  and  the  tcmpe- 
nturc  below  at  this  time  is  within  2^  of  the  minimum.  This 
night  effect  of  drawing  the  uuedio  westwanl  (300-t.]  procecils 
slowly  until  IB**  or  16\  being  Bsaisted  by  tlie  rising  temperature 
on  the  cut  ur^ng  the  end  still  more  rapidly  west  until  20^, 
wbeo  IiaTJDg  reached  its  maximum  in  Uiat  direction,  it  at  21' 
turns  back  and  is  driren  to  extreme  cast  in  the  eun-awing, 
through  an  amount  of  variation  more  than  twice  aa  great  as 
that  produced  iu  July  or  Cape  wiutcr. 

3039.  1  think  the  above  is  a  true  explanation  of  the  reverse 
motiou  of  the  needle  iu  the  months  of  July  aud  January,  or 
Cape  winter  and  summer.  In  winter  tho  paramagnetio  effect 
of  cold  air  is  on  between  12**  and  19'',  remaining  longer  on  the 
oast  side  of  the  magnetic  mcridiau ;  as  it  posses  forward,  botli  it 
mad  the  sun  region  conspire  at  IS'^tocarr^-  the  needle  vcstward, 
for  though  they  have  opposite  actions  they  are  then  also  on 
opposite  sides  of  the  magnetic  meridian  (3fl05. ) .  I  u  the  summer 
the  cold  region  lias  much  Ic^h  power,  occurs  earlier ',  soon  passes 
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overj  for  the  summer  auu  is  behind  it,  and  then  rather  aids  the 
Buu  in  curryiug  the  uct-dlc  weawturd. 

3010.  Some  of  the  other  month.i  arc  still  more  strikitijf  in 
.siimnirr  cfFeet.  February  has  a  swing  through  S'  from  west  to 
cart  between  21  *>  aad  !•■ ;  then  from  l""  to  3*"  it  Bcarcely  changes; 
from  S*"  to  (ji*'  it  follows  the  aun  west ;  from  0''  to  16''  it  vuries 
but  little,  showing  the  nicrcat  trace  of  cast  cfToct  about  Hi*; 
and  after  !&  it  passca  west  more  and  more  rapidly,  so  that 
by  21''  it  is  at  a  inaxituura  west,  ready  to  swing  back  ati  the 
8UU  region  passes  over.  Tlie  other  and  iatermcdiate  months 
arc  easily  traced,  and  found  to  be  bcantifiilly  consistent  with  the 
Hamc  principles  of  the  hypothcsie.  A»  is  evident,  in  almost 
every  cose  each  month  partakes  of  the  elmractcr  of  tlic  praccding 
month  in  some  degree,  though  not  so  much  in  this  case  of  the 
Cape  as  in  some  othere  (3053.).  The  curves  of  December  and 
Jannary  are  more  cqnnl. 

15041.  The  timi;  of  the  sun-swing  illustrates  exceedingly  well 
the  edeet  of  the  inclined  iiiugiietic  lucridiiin  (3000.).  In  No- 
vember, Doeeinber  and  Jannary,  the  awing  is  from  20^  to 
between  l"*  and  '2K  In  these  mouths  the  snn  crosses  the  aalro- 
nomical  tneriilian  about  half  an  hour  t>eforc  he  arrives  at  the 
mimetic  meridian.  In  October,  February  niul  Marclij  the 
airing  is  later,  bein;;  fi-oiu  21''  to  2''  or  3^,  for  the  sun  then  pa**c« 
the  magnetic  meridian  an  hour  or  more  later  than  the  aatrono> 
mical  or  time  meridian.  In  September,  April  and  May,  the 
swing  is  still  later,  being  from  32*"  to  2''  or  3'',  and  the  aun  is 
»fill  longer  tliau  before  iu  reaching  the  magnetic  meridian.  lu 
June,  July  and  August,  the  swing  is  latest,  being  from  23^  to  3**, 
and  the  sun  is  pi-oportionatcly  late  in  arriving  at  the  magnetic 
meridian.  What  1  describe  as  the  passage  of  the  euu  is  of  course 
tnie  of  ihc  warm  region  which  precedes  it ;  but  I  prefer  referring 
to  the  risible  type  rather  than  to  the  invisible  reality,  because  it 
ties  the  considerations  of  time  more  simply  together. 

3012,  The  inclination  at  the  Cape  varies  singularly  iu  the 
twenty-four  hourx,  depending,  I  think,  iipou  its  mean  degree 
It  is  such  that  the  warm  nnd  cold  rcitultants  of  action  for  the 
Capo  will  sometimes  he  above  the  line  of  the  dip  and  sometimes 
below  it,  not  only  for  different  times  of  the  year,  but  I  think  iu 
Bumc  acasons,  even  at  different  times  of  the  day.  It  would  re- 
quire much  attention  to  unravel  the  whole  effect.    Iu  June, 


Not.  1830.]      Cape  of  Good  Hope— St.  Helena.  SOS 

July  and  August,  wtea  tlie  bud  aud  itii  warm  region  arc  greatly 
to  the  north  of  the  Cape,  it  appears  that  tlie  dip  ia  increased 
t\w,  regiou  parses,  which  tronld  give  a  rotation  of  the  upper  end ' 
of  the  iieedlo  like  that  at  Elofjarton  (2909.) ;  but  iu  November, 
December,  January,  February,  March  and  April,  the  dip 
diiuiaishes  at  that  time,  and  the  rcsultijig  rotation  of  the  pole  ia 
of  the  contrary  kind,  or  like  that  at  St.  Helena  (3057.)  and 
Singapore  (3061.  3067.). 

3<>13.  The  daily  variations  of  intensity  at  the  Cape  are 
remarkable.  In  the  months  October  to  April  it  is  at  a  chief 
maximum  at  19*"  or  SO* ;  by  noon  it  is  reduced  to  a  minimum  ns 
tlic  sun  passes  over;  gradually  rises  to  a  second  maximiita  about 
4*  or  oS  and  then,  after  sinking  a  little  about  8^  or  9%  rcacbca 
the  chief  maxiTnum  about  IS*"  or  19"  next  mimiing.  In  the 
mouths  from  May  to  September  the  chief  maximum  is  at  21* 
or  22**,  which  is  followed  by  a  minimum  at  1'  or  2^,  due  to 
day  effect.  Then  comes  on  the  n*  maximum,  iind  after  tliirteea^ 
hours  or  more  the  sconid  minimum  as  low  ttluioat  as  the  fonucri 
and  only  three  hours  before  the  chief  masiinnm ;  ao  that  this 
maximnni  is  pUteod  between  minima  close  on  each  side  of  it. 

S044.  Thcac  are  exactly  the  moalhs  during  which  the  upper 
end  of  the  needle  moves  rantward  in  early  morning  op  to  lO", 
and  that  ts  just  the  hour  when  the  minimum  inteuHty  oecun. 
From  IK""  or  11)^  to  21"  the  intensity  rises  to  a  maximiun,  prc- 
ciaely  aa  the  lines  of  force  are  moving  westward  before  the  nun 
region,  prior  to  their  ipiiok  return  east ;  and  as  they  return  ia 
their  quick  journey  so  the  inteuaity  falls  to  a  minimum  again, 
and  ia  at  that  minimum  at  1*  or  2^  jiist  as  the  awing  is  oTCr. 
Here  i»  a  very  close  connexion,  and  it  ia  curious  to  see  the 
needle  end  at  cast  with  minimtun  power  at  18*,  and  again  also 
at  T",  remembering  that  in  that  time  it  has  sining  from  eaat  tQi| 
west  and  back  to  east  again. 

3046.  St.  //e/rna'.— This  is  a  station  which  Colonel  Sabino 
has  distingaisliod  as  of  ihe  highest  interest ;  being  near  the  line 
of  Icaat  force,  within  the  tropics,  and  with  little  magnetic  iueli- 
natioQ*.  It  was  here  also  that  he  called  attention  to  the  striking 
&ct,  that  the  coarse  of  the  needle  is  in  some  months  in  one 
direction,  and  in  other  months  in  the  contrary  for  the  same  liours 
■  8<«  TitUiti,  |vp.  ^W,  3S0,  a»<^  euvKf^  of  vnrinUon,  Vlate  XL 
*  Hagnetical  Obaarralmu,  St.  Uelcon,  1^0  to  1843. 
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oftlicday'.    Dc  In  Rive  attempted  to  cipUin  thiafact^but 
Sabine  has  stated  that  this  explntiattou  is  not  8atisfnctorj> '. 

3046.  St.  Ucleua  being  a  small  isUnd  m  the  south  Atlantic 
Dccao  is  removed  about  1300  miles  from  the  nearest  land. 
The  loiiRitudc  is  5°  W  west,  the  latitude  15"  56'  south ;  the 
mean  dediuation  23°  30'  west,  oiid  the  mean  dip  22°  louth. 
Hence  there  are  three  quadrants  concerned  in  the  day  actioa  of 
the  sun,  especially  when  that  luminary  is  south  of  the  equator. 
The  Bun  is  south  of  St.  HclcTin  itaclf  in  the  mouths  of  November, 
December,  Januar;  aud  February,  or  for  nearly  that  time ;  it  is 
north  of  the  island  for  the  rest  of  the  year.  At  one  time  the 
suu  passes  the  astronomical  meridian  before  it  arrives  at  the 
magnetic  meridian,  and  at  another  time  the  contrary  is  the  com. 
In  addition  to  these  [>ccuHar  circumstancefl,  St.  Helena  is  a  place 
of  great  local  differences,  and  also  its  dip  is  »o  low  that  the  sun's 
day  effect  is  almost  constantly  to  depress  and  lessen  it. 

3047.  In  June  and  July  the  sim  rises  to  St.  Helena  in  the 
south-east  quadrant;  about  an  hour  after,  it  passes  into  the 
nortli-cast  quadrant,  aud  crosses  it  toward  the  southern  end, 
being  then  at  mid-diHtance  in  the  quadrant  about  ouc-tliird  of 
the  length,  or  nearly  W  from  the  southern  termination.  It 
leaves  this  quadrant  about  1*^  20°',  crossing  the  magnetic  meri- 
dian at  that  time  (aud  couscqueutly  so  long  after  passing  the 
astruuomical  meridian), and  entering  the  third  or  north -west  qua- 
drant traverses  it  obliquely  towards  its  northeru  eitremity.  In 
our  vtiutcr,l)cccmbcr  aud  January, the  sun  also  rises  to  St.  Helena 
in  the  fronth-ca»t  quudrnnt,  ac  before;  but  it  now  remains  in  it 
until  22'',  being  for  much  of  the  time  in  stroug  places  of  action  ; 
it  enters  the  north-east  quadrant  to  tlic  south  of  St.  Uelcua,  au<l 
does  not  remain  in  it  two  hours,  being  then  only  In  the  weakest 
part  of  it;  it  leaves  it  again  hrforr  arriving  at  the  astronomical 
meridian,  theu  enters  the  north-west  quatlrant,  gliding  along 
near  to  ita  southern  side,  aud  is  within  two-thirds  of  an  hour  of 
leaving  it  whuu  it  sets  to  St.  Helena. 

3048.  As  June  presents  the  aspect  of  circumstances  ap- 
proaclting  nearest  to  tliat  of  a  station  further  south,  as  Hobartou 
or  the  Cape,  so  1  will  consider  the  variations  for  it  first.     The 

^  PfailiKSopIiicsl  TrftDNictiuas,  1847,  p.  &1. 

'  AnnaUui  il<t  Cliiiui'-  cl  de  Pltjtui|ue,  Mairli  JMO,  tome  XXX.  p.  310. 

■  Prowv<Jiiig«  of  tlw  RujiU  SocivLy,  May  10,  IbiM,  p.  831. 
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□orth  or  upper  end  of  tlie  needle  i»  then  nearly  at  it«  mean 
place  at  midnight  or  12*' :  it  atlvancctt  cant  (slowly  nt  lint)  luitU 
1G\  and  then  more  and  more  rapidly  up  to  10\  triicn  it  stops 
and  goes  a«  quickly  west  until  about  2'2^,  after  wlucb  it  cliaugcfl 
but  little  until  S",  when  it  moves  tee^t  till  5",  and  then  slowly 
CMt  up  to  12^,  aud  then  ouwanli  to  16''  and  19^,  an  already 
said.  The  ea«teiiiug  from  miduight  and  before,  I  refer  to  the 
paramagnetic  action  of  the  euld,  which  eomcn  up  from  the  cast 
as  before  (3003.  SOUS.  3037.) ;  the  rapid  iucreasc  of  the  castcning 
from  16"  to  19"  is  consistent  with  the  increasing  cold  of  the  early 
monihig,  and  also  with  the  circumataiice,  tliat  the  sun  and  its 
representative  regiun  are  then  pa&sjug  from  the  Bouth-eaat  into 
the  north-cajit  ijuadrant,  and  must  be  not  fiir  from  the  neutral 
line,  for  that  is  the  time  of  quickest  transit  of  the  ueedle.  As 
the  sun  adraoocs  iuto  the  north-east  qtmdrant,  it  first  stops  the 
caatening,  as  at  10",  and  then  converts  it  into  wcatcning  (3014.), 
which  goes  ou  consistently  with  nil  former  obserxatiouii  until 
22^ ;  the  needle  is  then  retained  a  little  west  of  its  mean  position 
uDlil  1*,  at  vhich  time  it  hua  not  yet  attained  coincidence  with 
the  magnetic  mcridiau,  and  after  this  hour  it  is  determined  east 
a  little  until  3*.  This  effect,  from  22"  to  3^  I  consider  as  the 
eOB-eviDgtothecast;  and  I  think,  examining  the  globe  (2996.), 
itx  small  nmount  in  declinatlou  is  quite  amslstcnt  with  the  rela- 
tiTC  positions  of  St.  Helena  and  the  warm  region,  combined 
with  tliosc  of  the  active  and  neutral  parts  of  the  (luadranta  tra- 
versed during  the  time,  from  i^  to  S"!  the  needle  cud  moves 
westward,  following  the  sun;  and  that  effect  harmonizes  with 
the  idea  that  the  previous  holding  of  the  needle  in  an  caaterD 
ixj^ition,  from  32''  to  3'',  is  tie  sun  ciFect  :  then  the  slow 
eaatcniiig  Irom  0"  to  midnight  and  beyond,  is  the  cold  effect 
coming  on. 

3049.  Colonel  Sabine  hoB  shown  that  the  months  of  Maj, 
June,  July,  and  August,  may  he  elasscd  together,  so  that  I  wUl 
not  speak  of  each.  \Vhihit  they  show  the  analogies  they  have 
betweeu  thcmselTes,  they  also  indicate  the  transitions  to  and 
from  the  other  months.  Let  us  conBidcr  September.  From  7*, 
through  midnight  on  to  16^,  the  needle  stands  nearly  at  the 
mean.  From  16'  to  18*",  the  upper  or  north  end  eastens  through 
the  effect  of  the  early  morning  cold.  That  the  castening  should 
be  fully  effected  an  hour  sooner  than  before  (3048.)  is  quite  cott- 
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sistc&t  with  the  principleii,  for  the  patli  of  the  sun  and  its  dia- 
magnetic  region  is  far  nearer  to  tlie  station  tUan  before,  being 
now  about  th«  ciiuator.  From  18*  to  22*  it  sends  tbc  enil  west- 
ward in  ccinformitv  witb  all  former  obaeiratious,  and  then  comes 
on  the  sim-swiuff  from  west  to  cast,  between  23"  and  it-i*,  and 
a  hold  nt  extreme  east  an  hour  longer.  Tlic  iihortness  in  time 
of  this  transit  is,  I  think,  a  beautiful  point.  The  sua  is  still 
north  oF  St.  Hcleua,  but  is  now  no  much  nearer  tbat  he  passes 
Ihroiigb  tbe  aame  angle  rust  and  west,  in  respect  to  tlic  place  of 
obserrntioii,  in  leas  than  lialf  the  time  of  the  former  sun  effect 
in  June  (3011.).  After  tfiia  the  needle  end  trarcls  west  from 
1"  to  0',  following  the  sim  im  on  other  occasiong  ;  and  then  from 
6^  to  9^  mov-en  a  little  cant  by  the  evening  cold  iu  the  cast, 
and  renininft  near  the  mean  position  until  the  greater  cold  before 
sMnriw  (3005.  3011.)  takes  it  more  cast  betweeu  IG*"  and  IS*"  of 
the  coming  day. 

3(>50.  In  looking  nt  the  ciirvcsof  variation  (Plate  II.),  it  will 
be  seen  that  the  curve  for  tlie  next  month,  October,  is  remarkable 
for  being  like  iu  general  chaructcr  with,  and  yet  far  removed  in 
plane  from,  tbnt  of  September;  and  this  effect  appears  due  to  tbc 
cirenmstaucc  that  the  sun  has  now  arrived  at  the  latitude  of 
St.  Helena,  or  nearly  so.  According  to  my  supposition,  there 
has  been  a  feeble  night  effeet  (.WIO.) ;  and  at  midnight  tbe 
needle  is  at  the  mean  position  and  monng  slowly  westward, 
when  the  greater  cold  which  precedes  the  oanrise  coming  into 
action  on  the  east,  counterbalanees  and  arrests  the  wcsteni  pro- 
grc8»,  and  eyen  draws  the  needle,  ax  bcfurc,  cast  a  little  for  a 
eouple  of  hours,  till  IS**.  Kven  the  sun  region  is  at  IC*  in  that 
f|iiadraiit  (tbe  south-east  one),  that  if  it  eould  net  on  the  needle 
it  woidd  combine  with  the  cold  in  the  next  or  north-cast  quadrant 
in  setting  it  i^stwanl.  By  18*  both  the  preceding  cold  region 
and  the  following  «uii  region  are  so  far  advnnefd  in  their  re- 
spective quadrants  that  they  combine  to  carry  the  needle  end 
west  aa  before,  until  ao^,  and  then  oomc*  on  the  swing  from 
west  to  east  until  2-fc''.  Why  this  begins  sooner,  lasts  longer, 
and  is  above  four  times  the  extent  of  the  Septoinher  swing, 
appears  to  be  tbat  tbe  sun  region  eomcs  U]>  upon  tlie  latitude  of 
St.  Helena,  and  so  acts  in  res|>c(,-t  of  the  magnetic  meridian 
more  powerfully,  and  also  sooner  and  longer;  also  that  because 
of  the  mean  dediuation  west  it  arrirea  at  e({uidi£tBnt  points 


Nov.  1850.]         St.  Selena — eumniative  effeett.  809 

from  and  jMSses  owt  tlic  magnetic  mcridiaii  sooner;  ud  also 
from  the  effect  of  oa  accumulative  uctiuu  added  to  it  from  former 
mcmths  (3053.). 

3051.  At  1  o'clock  the  neertlfi  begiuH  to  turn  from  extreme 
east,  i.  e.  Booner  than  in  tliu  former  mouths,  oecauac  the  mag- 
netic meridjau  is  sooner  passed,  and  foUoirs  the  sun  until  4", 
when  it  stops,  and  then  the  cveuiug  or  night  action  due  to  cold 
appearing  in  the  east,  carries  the  needle  back  eastward  till  lO*, 
and  then  as  it  advances  ia  the  quatlrant  lets  the  needle  return 
back  again  (30O1.)  uutil  between  V2^  and  IS*",  when  the  latter  in 
in  its  mean  position.  The  cold  region  then  appears  to  draw  it 
wcstwani  until  1C\  when  ita  distance  increasing,  it  releases  the 
ncallc  and  lets  it  return  cast  until  18  o'cloek,  when  the  latter  ia 
still  west  of  its  normal  position,  and  then  the  sun  region  rising 
np,  helped  perhaps  by  the  cold  that  immediately  precedes  it, 
which  is  probably  now  over  or  beyond  the  ina^etie  meridian, 
sets  it  toward  the  went  prior  to  the  sun^swing. 

3053.  In  DcccmberondJanuiuy  the  Hunia  south  o£  the  station. 
Tbis  makes  no  difference  in  the  general  character  of  the  curre 
for  these  months;  uor  should  it  according  to  the  hypothesis,  ex- 
cwpt  in  this  point,  that  though  the  sun  is  very  near  to  St.  He- 
lena and  baa  the  cumulutive  efTectx  of  the  preceding  montha 
(3050.  3053.)  addc<l  to  its  own  effect  at  the  time,  still  it  is  in 
weaker  parts  of  the  ijuadi-aut,  and  wbiUt  in  the  chief  siegmcDt  is 
almost  up  in  the  comer  ajkd  near  the  place  where  the  two  neu- 
tral planes  cross  each  other;  hence  its  effect  ought  to  be  less, 
and  so  it  is;  for  the  sun-swing  of  November  and  February  is 
lai^^  tbim  that  of  December  and  January.  The  sun-swing 
h^pcus  in  December  at  the  eame  time  as  for  October,  though 
in  the  latter  month  it  crceMs  the  magnetic  meridian  after,  and 
in  the  present  before  midday :  stiU  there  is  only  half  au  hoar's 
difference  from  one  to  the  other,  and  the  observations  are  per- 
haps not  close  enoagfa  to  nllow  one  to  separate  its  peculiar  effect 
out  of  an  interval  of  four  hour-i.  Dcsidcs,  accumulative  chuhcs 
may  interfere.  The  places  of  the  Doccmbcr  curve  arc  altogether 
a  little  more  west  than  those  for  October. 

8053.  The  ctanulative  effect  of  preceding  months  is  very  im' 
portantnud  well-shown  at  St.  Helena  (3050.).  Thuit,  taking  the 
Bciitcmber  curve  and  comparing  it  with  that  for  October  or  the 
fallowing  month>  wc  have  a  great  diffuicucc  of  a  certain  kind  ; 
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then  again  conpariug  Septemlx^r  witli  the  mouth  in  wliicli  tbe 
sun  ia  returning  from  the  southern  tropic  instead  of  proceeding 
to  it,  and  has  arnvod  at  the  same  position  as  it  had  in  October, 
another  striking  difTfreucc  appears.  March  is  the  Dc&r«st  month 
for  the  wcond  comparison.  Up  to  20''  it8  curve  changes  like 
tlie  October  curve,  bat  the  upper  end  of  tho  nccdtcis  alt  the 
time  about  half  a  minute  oMt  of  its  place  in  October.  At  SO'' 
the  needle  is  October  begins  to  swing  from  west,  and  reaches 
extreme  east  at  24" :  in  March  it  westenR  until  2l'>,  then  returns 
and  reatihen  extreme  east  at  1^ ;  no  that  the  string  is  an  hour 
later,  and  during  that  time  the  end  in  from  half  n  minute  (of  space) 
to  a  minute  more  west  than  in  October.  This  diffopence  I  beljere 
to  be  due  to  the  cumulative  effect  of  the  months  between  October 
and  March,  during  which  time  the  heat  has  Xievn  dimiiiiBhing  in 
the  northern  hcmiBphere,  and  iuerctuiiiig  iu  the  south.  Similar 
rcnultx  in  other  months  make  it  probable  that  the  efTect  nf  the 
atmosphere,  though  induced  by  the  sun,  lags  behind  the  lumi- 
nary  considered  as  iu  his  astronomical  position  all  the  year  round; 
and  that  therefore  in  advancing  to  and  receding  from  a  tropic, 
he  seems  to  do  less  in  the  lint  instance  and  more  in  the  second 
than  is  due  to  his  place  for  the  time. 

S054.  But  where  circumstances  are  apparently  equal,  a  differ* 
cncc  also  arises.  Thus  from  March  to  April  in  one  diroctJon, 
and  from  September  to  October  in  the  other,  might  be  expected 
to  be  alike,  except  for  a  little  of  tho  lagging  effect  (3053.) ,  which 
would  appear  on  both  sides  :  nevertheless  March  and  .-Vpril  are 
in  Sabine's  cnT\f»  between  September  and  Octobtrr,  and  near  to> 
gether,  whilst  the  other  tw«  arr  far  apart.  Thia  effect  I  refer  to 
the  different  conditions  oE  the  two  lienuspheres  as  regards  heat 
(Dove).  From  September  to  October  tho  sun  is  paasing  from  a 
hemisphere  having  a  mean  tf^mperaturc  in  summer  17^''t  above 
that  of  the  other  hemisphere  for  its  winter;  hut  iu  March  and 
Aiiril  it  is  departing  from  a  hemisphere  haviug  n  mean  summer 
temperatiirc  of  only  I0°'7  above  that  of  the  other  hemisphere 
for  its  irintcr  (29-19.} ;  and  thcne  respective  difFercnccs  must 
tend  to  separate  September  and  October,  and  bring  together 
March  and  April,  as  is  seen  to  be  the  case  by  tlie  curve  charts, 
Plate  II. 

80f>r>.  I  need  not  go  fiirthcr  into  the  declination  variation  of 
St.  Uclcna:  the  lines  for  the  other  months  arc  subject  to  the 
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observations  already  mode.  Colonel  Sabine's  important  query 
of  tlie  cause  of (lifTerence  in  direction  for  different  montliH  (SOld.)* 
appears  to  mo  at  present  to  be  answered  for  this  etatioo,  as  well 
as  for  thf  other  stations^  in  very  various  latitudes  where  it  makea 
its  appearance  (301 G.  3032.  3C^9.). 

3056.  The  dip  at  St  Helena  ia  a  daily  variation  very  simple 
in  clutrartcr,  being  a  maximum  at  7^  and  nmtniniuni  at  22"  and 
m\  vith  only  one  progression.  It  proceeds  to  its  minimum 
therefore  in  the  middle  of  the  san-sving,  i.  e.  the  upper  cud  of 
the  needle  proeeedsto  west,  and  descend*  from  IG*"  to  J  9"  or  20^, 
during  which  time  therefore  the  dip  is  decreasing;  then  it  re- 
turns ca»t  until  it  reaches  the  neutral  position,  the  dip  decreasing 
the  while  still  more.  The  needle  still  continues  to  go  cast  to 
eomplete  the  sun-string,  but  nov  the  dip  increases;  nt  24''or  l** 
the  needle  returns  (in  declination)  after  the  snn  westward,  but 
still  with  increasing  dip  ;  at  5"  or  6**  the  westening  has  almost 
ceased,  and  an  hour  after  the  dtp  ia  at  its  maximum. 

3057.  So  OS  the  sun  and  its  region  pass  over  they  dimiuisb 
the  dip  by  depressing  the  upper  ends  of  the  lines  of  force,  and 
as  they  pass  away  the  lines  rise  (2U26.  2937.)  and  the  dip  in- 
creases. The  ellipse  or  curve,  therefore,  which  representi  the 
motion  of  the  upper  end  of  the  needle  at  St.  Helena,  as  the  sun 
comes  up  from  the  east,  ha  above  westward  and  downward,  and 
back  below  to  east ;  then  rising  to  be  repeated  in  the  next 
twenty-four  hours.  This  is  the  reverse  direction  to  the  repre- 
sentative ellipse  for  Hobarton,  having  like  south  dip  in  a  greater 
degree.  But  that  ia  in  perfect  consiateucy  with  the  hypothesis; 
for  as  the  rcgiou  la  located  above  in  the  air,  it  is  above  the  angle 
which  the  dip  makes  with  the  horizon  at  St.  Helena,and  there- 
fore ought  to  depress  the  line  of  force  and  lessen  the  dip.  At 
Hobarton,  the  region  being  in  the  tropical  parts,  is  within  the 
angle  formed  by  the  line  of  dip  with  the  horizon,  and  therefore 
deflects  the  lines  of  force  npwardj*  and  increaxes  the  dip,  and  !M> 
the  portions  of  ellipse  at  the  two  places,  which  oorrcspond  in 
time  and  direction  as  to  declination,  have  contrary  variations  of 
inclination. 

ft05H.  Singapore^, — This  is  a  very  interesting  station  :  being 

'  Sec  TablM,  pp.  321 ,  .122,  aaii  lie  carvw  of  Tarialion,  Plat«  IT.  The  data 
far  Singapore  are  d«dDced  firam  tha  tvceat  rciy  Tslusble  labours  of  Csptun 
JOltut. 
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in  longitude  103^  Q3'  £.,  it  has  only  Vl^'  "H.  latitude,  nndto  is 
close  to  the  equator.  Its  declination  too  is  only  1*  40'  E.,  and 
its  inclination  12°  S.  It  is  alio  near  the  line  of  veakcst  force 
roiinil  tlie  enrth.  The  magnetic  equator  of  the  needle  isulmust 
parallel  to  tlic  earth's  ct|uator,  and  the  qumlrants  {2939.)  are  dis- 
tributed with  jffcat  Bimplicity,  the  magnetic  and  astronomical 
mendiati  nearly  ruineidiug.  In  our  summer  the  sun  passes 
through  the  east  and  west  northern  quoilrauts  during  the  day- 
time; in  our  winter  through  the  east  and  west  aouihem  qua- 
drants ;  and  in  certain  months  through  all  foiu'qnadrauI«,  folloir- 
ing  nearly  the  DGutral  line  of  the  maguctie  equator. 

3050.  Hence  if  the  line  of  force  were  free,  i.  e.  if  it  had  no 
hold  in  the  earth  (3919.)j  wo  should  expect  from  the  hypothesis 
little  or  no  chtingc  in  the  needle,  especially  in  the  month  when 
the  «iin  was  over  the  magnetic  equator ;  hut  because  there  is  dip, 
and  the  lines  of  force  whicU  govern  tlie  needle  arc  to  the  south 
tied  up  in  the  earth  (292{:)0>  whilst  they  arc  free  to  morv  iu  the 
nir  and  space  towards  the  north,  so  there  is  variotion  both  of 
the  declination  and  inelination  in  a  perfectly  consistent  manner  j 
and  keeping  this  in  mtndj  I  think  wc  shall  have  no  difliculty  iu 
tracing  the  montlilj-  ruaulbs  nceording  to  the  hj-^wthcnis. 

3<)0<>.  In  the  tiist  phice,  the  curves  of  day  vui-iutiuu  arc  so  like 
these  of  St.  Helena,  month  fur  month,  that  the  account  giren  of 
them  there  will  suffice  for  the  present  oecasion  (301ft.)'  Th*' 
tun-swing  occun  at  the  same  periucl,  and  the  eCFect,  dependent^ 
as  1  suppose,  on  the  character  of  the  two  hemispheres,  is  pro- 
duced (80i>l.  2U19.).  There  arc  however  strikiug  differences  in 
the  latter  part  of  the  sun  turn,  and  also  in  the  night  hours,  from 
5'  to  I-l".  The  amount  of  variation  appears  small;  but  this  is 
chiefly  due  to  the  eireumNtaiiec  that  the  horizontal  plane  on 
which  wc  read  it  almost  cuiuctdcs  with  the  £i-ee  needle,  and  so 
the  correction  before  referred  to  (3009.  iiote)  necessary  to  give 
the  true  vojne  of  the  variation  is  here  very  small. 

SOtil.  Considering  June  first,  as  at  St.  Helena,  the  tipper 
needle  end  moves  caiat  as  liefore  until  19'',  under  theiufluoneeof 
the  morning  cold,  after  which  it  stops  and  is  sun-driven  west 
until  32^,  when  it  swings  downwards  and  beneath  to  cast  by  S' ; 
then  follows  the  sun  weat  until  '7^;  it  then  stops  and  rctums, 
creeping  more  and  more  cast  because  of  the  coming  cold  (3005.). 
In  July  the  uocdlccasteofl  a  little  mure  before  19";  westeus  until 
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23^  and  tlieii  easteiia  until  4''.  The  aan-«wing  is  than  tlirowa 
an  hour  later  Umn  iu  Juuc^  irbich  I  believe  to  be  connected  with 
the  ttucumulation  of  lieat  over  the  Itiod  (3054.),  combined  with 
the  Infjjfiag  effect  of  the  sun  (3053.).  In  August  the  needle  cud 
eafitcQH  until  19^;  more  than  in  July,  and  most  of  .ill  thcmontlts; 
it  then  westens  strongly  before  the  sun  until  23'',  alter  which 
the  sun-awiiig  comcH  on  and  continues  until  5",  lu  if  the  warm 
region  were  behind  the  iiuu,  perhaps  even  2**.  The  time  of  the 
swing  ia  much  prolonpcd,  and  not  unnaturally,  a$  the  place  is 
at  the  equator  and  therefon;  under  the  sun.  In  September  the 
eastcniiig  i»  less,  the  westeniutt  is  less,  and  the  sun-swiug  is  less. 
Ajpril  is  like  September,  eseept  that  the  latter  ahowa  the  effect 
of  the  previously  warmed  liemisphcro  (3053.). 

3062.  Then  there  are  four  months  in  the  year,  November,  D«-J 
eeniber,  January  and  February,  when  the  eun  in  south  of  Siii- 
gaporCj  and  altogether  duriugthe  day  in  thesouthetn  ijuadmnts 
(3008.).  As  the  sun  cornea  on  from  13^  or  17^,  the  upper  part 
of  the  line  of  force  moves  wcatwaril  (the  lower  being  fixed  in  the 
earth)  until  19  or  20  o'clock.  The  aim  is  at  this  time  iu  tlic 
south-east  quadrant,  and  it  might  be  excepted  perhaps  that 
the  motion  of  the  uortb  or  uppor  end  of  the  needle  should  be  to 
the  east  if  there  were  any  change  at  all.  But  there  are  two  or 
three  reason:!,  from  the  hypothesis,  why  this  should  not  be.  For 
tluttcBcctthereshouldiint  of  allbeuodip;  and  in  the  ne.tt  place, 
if  there  irere  no  dip,  the  sun  is  so  nearly  in  the  ueutral  line  of 
the  magnetic  equator,  that  the  deflection^  if  any,  would  have  been 
very  small.  On  the  other  hand,  the  lines  of  force  hare  dip  to 
the  touthj  and  bciug  therefore  held  iu  the  earth,  that  traTclling 
of  the  sun  along  the  ucutrat  tine,  which  iu  iU  coming  up  would 
have  sent  the  whole  lino  of  force  wcat,  and  so  caused  no  vurtatioo. , 
of  dccliuatiou,  emi  now  ouly  seud  the  northern  parts,  as  they  risal 
out  of  the  cnrtb  and  are  carried  ou  with  the  gcucral  sytitem  of 
lines,  west,  and  so  cause  that  western  travelling  of  the  needlo 
which  docs  occur.  Besides  this,  though  the  sun  be  south  ofthat 
neutral  line  and  aUo  of  Singapore,  there  is  reason  to  GUp]Josc 
that  the  middle  or  rcsuJtant  of  the  warm  region  is  north  even  of 
both  (3063.),  which  would  aid  the  westening  of  the  needle  just 
described. 

80G3.  For  if  we  coll  to  mind  Dove's  results,  they  show  that 
the  uortheni  hemisphere,  as  a  whole,  is  warmer  thuu  the  south- 
cm  (2^9.).    Again,  if  we  look  at  the  uieridiou  of  Singapore,  wo 
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shall  find  that  there  in  far  more  continent  on  the  north  of  it, 
to  prodace  a  higbcr  temperature,  than  to  the  south ;  and  even 
by  the  local  tables  of  temperature  below,  we  shall  fiiid  tbat  May, 
Jttuc,  July  and  August  are  the  hottert  months  for  Smgajwre,  anfl 
November,  December,  Jannary  and  February  the  coldest ;  all 
tending  to  make  us  suppose  that  the  worm  region  of  the  atmo- 
sphere is  rclatirely  north  o£  the  stiu's  place,  and  perhaps  crrai 

of  Singapore  (3067.)- 

8064.  At  aO**  the  sun-swing  from  west  to  cast  comes  on,  and 
continues  until  2'',  after  which  t!ic  needle  moves  west,  following 
the  sun,  imtil  30^  or  1 1"*  when  it  is  near  the  mean  ;  it  still  goes 
on  weotcning  very  slowly  until  17'',  when  the  rooming  auu  ac- 
tion takes  it  up  and  driven  it  more  quickly  west,  until  about  30", 
irhcn  the  suu-swing  east  occurs.  The  curve  in  these  months  is 
very  simple  in  its  character ;  the  night  or  cold  elTect  appears  to 
be  but  small,  being  indicated  rather  by  a  beeitatioa  than  by  a' 
distinct  movement  cast. 

3065.  The  easterly  movement  of  the  needle  end  lu  May,  June, 
Julv  and  August,  aud  the  westerly  movement  in  Kovember, 
December,  January  and  February,  for  the  same  hours,  up  to  19 
o'clock,  are  in  striking  contrast ;  and  T  have  attributed  the  dillfer- 
encc  to  the  effect  of  a  cold  region  coming  on  from  the  east 
during  the  former  months  (3061.),  which  is  absent  in  the  latter 
mouths.  In  reference  to  this  point,  we  have  again  to  cousider 
that  the  warm  region  is  on  the  north  of  the  equator  (30G3.),  aud 
that  as  the  eun  moves  north  aud  south  it  also  will  move  with  it, 
but  Mtill  keeping  north  of  it.  Hence  the  two  cold  regions,  which 
corae  up  to  the  meridian  in  higher  latitudes  (SOOfi.)  before  the 
son,  will  not  be  in  the  same  relation  to  Singapore,  for  the  one  on 
the  south  will  liii  nearer  to  it  than  the  one  on  the  north,  or  at  all 
events  more  powerful.  So  when  the  sua  is  near  and  at  the 
southern  tropic,  the  warm  region  probably  passes  ov^r  Singapore, 
nt  which  time,  therefcre,  whilst  it  is  the  nearest,  the  most  power- 
ful and  rnosl  direct  iu  position,  the  cold  regions  will  be  least  in 
force  at  the  station,  and  also  least  favourably  disposed  by  posi- 
tion. But  when  the  auu  is  at,  the  nurthcm  tropic,  then  the 
power  of  the  warm  region  is  diminiahcd,  both  by  distance  and 
direction,  and  the  southern  cold  region  grows  up  into  importance 
by  increased  strength  and  closer  vicinity,  and  so  produces  tbo 
eaatcniug  bcfoie  19". 

8066.  A  striking  difference  in  tlicdircctiou  of  the  night  carves^ 
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from  5^  to  I-t^  at  St  Helena  and  Siuga]>orc  may  bo  observed. 
At  the  former  place  the  needle  end  tends  first  cut  and  thea 
westj  whilst  at  the  latter  it  moves  fint  west  and  then  ea«t.  Ttie 
difference  is,  I  believe,  due  to  the  appearance  of  night  cold  ac- 
tion at  St.  Helena,  to  a  greater  extent  than  at  Siiig^uiH)rc.  Sin- 
gapore slioirs  that  action  in  June,  July  and  August,  vm  jast  dc- 
scribed  (3065.),  but  only  in  a  weak  dt^rco  and  at  a  late  hour. 
At  St.  Helena,  which  is  in  latitude  IG"  S.,  the  cold  effect  shonld, 
for  the  reasonii  given  above  (30Cr>.),  appear  in  more  power,  and 
hence  the  eaatcuing  at  6"  and  after;  and  that  this  is  the  eaiue  in 
indicated  also  in  a  degree  by  the  tubles  of  tcmpemture;  for 
whilst  at  Singapore  the  diflcrenee  between  the  nia.ximum  and 
miuirauin  in  the  twenty-four  bour&  ia  only  from  3°  to  -1°,  at  St. 
Helena  it  is  from  •I'^'o  to  7°,  and  four-fiilhs  or  even  fivc-aixths 
of  this  depression  occurs  by  9  o'clock  :  so  that  four  or  five  hours 
hcfure  that,  there  was  iu  the  east  a  cold  region  coming  up  and 
producing  the  eastcning  cfi'cct  recorded  in  the  cur>-c». 

3067.  The  inetination  variation  at  Singapore  is  beautifully 
simple,  and  such  as  might  be  eipected  from  the  hypothesis  ;  the 
sua  or  warm  region,  when  paaning  the  mcridiau,  always  being 
over  the  lines  to  depress  thom.  It  is  alike  in  all  the  months, 
being  greatest  at  night-time  and  least  at  mid-day ;  it  is  nearly 
the  same  from  8"  to  IH'';  then  as  the  aim  comes  up  it  decreases 
quickly  until  'iS"  or  S'l",  after  which,  as  the  sun  paiacs  away,  it 
increases  nearly  aa  quickly  until  T"  or  8''.  The  amount  uf  rarin- 
tion  is  greatest  when  the  suu  is  over  or  to  the  south  of  Singa- 
pore. It  ia  least  iu  June  and  July,  when  he  is  near  the  north- 
ern tropic.  In  DcecnilK^r  and  January,  when  he  is  near  the 
southern  tropic,  it  is  considerably  more  tlian  in  Jane  and  July, 
which  again  seems  to  show  that  the  warm  region  is  chiefly  north 
ofthusim  (8063.). 

30GS.  The  total  force  rariation  is  simple,  being  a  maximum 


from  O'  13^  and  a  minimum  at  3S''  or 


, near  noon.     The 


greatest  variation  is  in  April  and  October,  or  at  the  eqainoicn, 
and  the  least  in  December  and' June,  when  the  sun  is  at  the  tro- 
pics. The  force  in  the  least  towards  noun,  when  I  suppose  that 
the  air  above  is  iu  the  worst  comlilioii  of  conduction,  and  would 
cause  B  magnet  in  it  to  show  moi-e  power.  But  how  that  may 
affcet  the  curves  beneath  on  the  surface  of  the  earth,  where  tlicy 
arc  compressed  together^  is  doubtful,  and  the  whole  matter  of 


ne 
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intensiity  is  too  un'certain.  and  baa  too  many  bearings  for  me 
to  oonsider  it  asclrillj  bere. 

8069'.  I  hope  soon  to  give  further  eiperimental  data  for  the 
pupotio  of  iUostrating  and  testing  the  riew  of  the  physical 
oaiueof  themagaetic  variations  which  I  have  put  forth  j  namely, 
Uiose  1  expect  to  obtain  by  the  diflerentiaJ  balance,  and  others 
MmcerDing  the  sensible  influence  of  osygen  in  causing,  under 
(tifibreiLt  conditions,  deflection  of  the  lilies  of  macnetic  foree. 
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Ok  a  former  ereuinp  (January  2-4)  it  was  shovrn  tlut  oxygen 
gas  wwrnftgnctic,  Ijeiusattrai^UiiHowttnlii  the  poleaof  a  maguct; 
■ml  that  like  other  magnetic  bodies,  it  lost  and  gained  in  pover 
*»  it»  tempeniture  was  raiMd  ami  lowrn?cl,  and  tluit  the  ehangc 
occurred  within  the  rouge  of  natuml  temperatures.  These  pro- 
perties it  carries  into  tlie  atmosphere ;  and  the  object,  tliU 
evening,  was  to  show  how  far  tbcv  might  lie  applied  to  explain 
cerlain  of  the  obserrcd  rariationsof  the  tcrrottrial  mapietic  fiircc- 

If  u  wurce  of  magnetic  power  be  considered  (as  a  magnet),  it 
presents  uswilbaKyHtcn]  liaring  polaritT;  and  if  the  parts  which 
arc  callal  the  poles  be  taken  as  repreacnting  the  most  coacen- 
tnited  oonditioR  of  the  polarity,  then  tlie  contrary  poloritica, 
manifeat  externally  in  relation  to  the  magnet,  are  pcrfeetly  defi- 
nite, being  eiactly  equal  to  each  otiicr.  Jf  the  magnet  be 
irregular  in  the  dispoaition  of  its  force,  atill  the  name  dcGnite 
character  of  the  sum  of  the  contrary  polarities  holds  good. 

i^xtcrnnl  to  the  magnet  tboHe  cunccutnitious  which  nrc  Tiaine«l 
pcries  may  he  coiuudcrt'd  as  coiiuocted  by  what  arc  called  mag- 
netic eurrca,  or  lines  of  magnetic  force,  existing  in  tlio  space 
around.  These  phrastjs  have  a  high  meaning,  and  represent  the 
idraliiy  of  magnetism.  Thi>y  imply  not  merely  the  directions  of 
force,  which  are  mademauifest  when  a  littlcmagnct,  or  aerj-stiil 
or  other  suhJRct  of  magnetic  action  in  placed  amongst  them,  bat 
those  lines  of  power  which  connect  and  su«>tain  the  polanticB^ 
and  exist  as  much  when  there  is  no  magnetic  needle  or  crystal 
there  as  when  there  is;  hflving  an  ind(>|)endcut  extateuce  ana- 
lofoua  to  (though  very  diffcrcut  in  nature  from)  a  ray  of  light 
or  heat,  which,  though  it  he  present  in  a  givcu  spare,  and  even 
Occupies  time  in  its  tranemi»&ioD,  in  absolutely  insensible  to  us 
by  any  meims  whilst  it  remains  a  ray,  aud  is  only  made  known 
through  its  effects  where  it  ceases  to  exist.  The  form  of  a  line 
of  maf^Qetic  force  may  vary  exceedingly  from  a  straight  line  to 
erciy  degree  of  cun-atnrr,  mid  may  c^en  have  double  and  com- 
plicated airvalurcs  impressed  upon  it.  Its  directiou  is  deter- 
mined by  its  polarity,  the  two  elianging  together.  Its  i»owcrs 
are  aueh,  that  a  magnetic  needle  placed  in  it  finds  its  place  of 
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rest  parallel  to  it;  a  crTatal  of  calcareous  spar  tumft  until  its 
aptic  axis  is  transverse  to  it;  and  a  niie  which  is  unaffected 
when  mo\'ed  in  or  along  it,  has  an  electric  current  cvolTcd  the 
in$ilaiit  ttiat  it  paxsca  across  it :  by  tbcse  and  by  other  means 
the  presence  of  the  magnetic  line  of  force  and  its  direction  are 
rendered  mrniifcut. 

'J'hi:  earth  is  a  great  magnet ;  its  povcr,  occonlio^  to  OatlMt 
being  equal  to  tliat  which  would  be  conferred  if  every  cubic  yard 
of  it  coutaini'd  MX  one-pound  magnets;  the  sum  of  tlie  force 
therefore  ib  equal  to  8,  tfi  1,000,030^000,000 ,000,000  such  mag- 
nets. The  disfMMition  of  this  magnetic  force  ia  not  regular,  nor 
ore  there  any  points  on  the  surface  which  con  be  properly  culled 
poles:  still  the  regions  of  polarity  arc  in  high  north  and  south 
latitudim;  nnd  these  are  connected  by  lines  of  magnetic  force 
(being  the  linex  of  direction)  which,  gencrallynpeaking,  rise  out 
of  the  curtb  iii  one  (magnetic)  hemisphere,  aiul  passing  iu  varied 
directions  oi'er  the  equatorial  regions  into  the  other  hemisphere, 
there  enter  into  the  earth  to  complete  the  knuim  circuit  of  power. 
A  fi-ee  needle  shows  the  prcKcncw  and  diructioo  ofthew  lines. 
In  London  they  issue  from  the  earth  at  an  angle  of  about  09° 
with  the  horizon  (being  the  dip  or  iucliuatiou]  ;  and  Uie  plane 
in  which  thcy  rise  forma  an  angle  of  23°  W".  nearly  with  true 
north,  giving  what  i)i  called  west  dcclinAtion.  Where  the  dip 
is  small,  as  at  the  magnetic  equator,  these  lines  scarcely  rise  out 
of  the  eaith  and  pass  but  a  little  way  above  the  surfnc^c;  but 
where  it  is  large,  as  in  iiurlbeni  or  suuthcrii  latitudes,  thcy  rise 
up  at  a  greater  AUgle,  and  pass  into  the  distant  realms  of  space, 
from  whence  they  return  again  to  the  earth  in  the  opposite 
magnetic  hemisphere;  thus  investing  the  globe  with  a  system 
of  fonx-s  like  thiit  about  an  ordinary  magnet,  which,  wherever  it 
pusscx  through  the  otmo»phcrc  is  subject  to  the  changing  action 
of  its  magnetic  oxygen.  ITicre  is  every  reason  to  believe  that 
these  lines  arc  held  in  the  earth,  out  of  which  they  arise  and  by 
which  they  arc  produced,  just  as  the  linos  which  originate  in  a 
magnet  are  held  by  it,  though  not  in  the  same  degree ;  and  that 
any  disturbance  from  aljove  affecting  them  will  cause  a  greater 
change  in  their  place  and  direction  in  the  atmosphere  and  space 
above,  than  in  the  earth  lieneath. 

The  system  of  lines  of  magnetic  force  around  a  magnet  or  the 
earth  is  related  by  a  lateral  leusiou  of  the  whole,  analogous  in 
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somedegree  totlie  lateral  tension  of  lines  of  rtatic  clcctriciil  force; 
both  the  one  ami  the  other  heinj*  eauitv  mntle  mantfeiit  by  experi- 
ment. Tbn  (listurbaucc  of  tli(*  tcnsiou  iu  one  part  \s  uccompuiiicd 
inatantly  by  a  disturbauee  of  the  tt:usiou  iu  every  other  part ;  for 
aa  the  sum  of  the  citemal  powers  of  a  system^  unaltered  at 
its  origin,  is  dc6nilc  and  cannot  be  changed  ;  so  any  alteration 
either  of  inten»ity  or  direc^tion  amongst  the  lines  of  foree  at  one 
place,  muHt  be  acoumpauiecl  by  a  RorreHpondiug  change  at  everj- 
otfaer.  So  if  a  mass  of  aoft  iron  oa  the  east  side  of  a  mugnct 
causes  ■  concentration  of  the  lluca  of  Force  from  the  ma<:tii.'l  on 
that  side,  a  corresponding  cspansion  or  opening  out  of  the  lines 
on  the  wcut  side  muat  be  imd  i*  at  the  *&it\c  time  produced ;  or 
if  the  suu,  on  rising  in  the  east,  renders  all  the  oxygen  of  tlie  wr 
on  that  Ride  of  the  globe  less  niRgiietic  and  k-ss  able  therefore  to 
favour  the  traTiHition  of  the  litii^  of*  terrestrial  force  there,  a 
greater  number  of  them  will  be  determined  through  the  weatcru 
vegion;  and  even  though  the  lines  of  force  may  \w  doubted  by 
some  as  tiaving  a  neparate  existence  Much  ax  that  abuve  asitumbd, 
still  no  error  xa  to  the  effects  on  magnetic  needles  would  iu  that 
owe  be  introduced,  for  they  by  experiment  would  be  and  are 
the  eame, 

Tlie  poTTcrof  a  magnetic  body  as  iron  or  oxygen  to  favour 
the  traosmiaBioii  of  Uuo^  of  iurtic  tiiruugh  it  more  than  other 
bodies  not  magnetic,  may  be  expreaaed  by  the  term  conduction. 
Different  bodies,  aa  iron,  nickel,  oxygen,  conduct  in  Tarious 
degrees,  and  not  only  that,  but  the  same  body  us  iron  or  oxyf^en 
conducts  in  different  degrees  at  different  temperatures.  When 
space  trarersed  by  uniform  lines  of  magnetic  force  is  occupied 
by  a  uuiforni  twdy  as  air,  the  disposition  of  the  lines  is  not 
altered  ;  but  if  a  better  conducting  suhntance  than  the  air  ta 
introduced,  so  as  to  occupy  part  of  the  space,  the  linea  are 
concentrated  in  it,  and  drawn,  from  other  parts,  as  shown  by 
P,  P  in  the  tlgure,  or  If  a  worse  conducting  ^ubstnuce  is  )ntro> 


luccd,  the  lines  arc  opened  out  as  at  D,  D.    In  both  cases  the 
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lines  of  force  are  injected,  and  a  small  magnetic  ncodlc  standiDg  ^ 
in  them  at  the  iufloctcd  {>art  would  have  its  directioa  chatif 
accordingly.  lUxpcrinieutal  illustratious  of  tlie«e  changea  in' 
direction  are  ^vrii  in  Mr.  Faradny's  pH]>cr  in  the  Pliilosopbical 
Trausactiona  for  1851,  Part  1.  pnr.  S813,  Sec. 

Now  tliia  l>y  tUc  hypothesis  is  asoumci!  to  take  place  in  tbe 
atmoephcrc.     Supposing  it  all  at  mean  temperature,  the  lines  of 
force  would  haie  the  direction  determined  by  the  arrangement 
of  the  pnwcr  within  tlit  earth.     Then  the  sun's  presence  in  the 
cast  would  inuko  all  the  atmosphere  in  that  region  a  wurac  con- 
ductor, and  cause  it  to  aasame  the  character  of  D ;  and  as  the 
suncaiue  up  tu  and  pnssvd  o%'er  the  meridian  and  away  to  tlie 
west,  the  atmosphere  under  his  tiiflucucc  would  bring  up  chnoges 
in  direction  like  those  shown  in  cither  D  or  D;  it  would  thcre> 
fore  manifestly  net  a  needle  in  a  given  latitnde  in  opposite  direc- 
tions aa  it  pa&icd  by ;  and  as  evidently  set  two  needles  in  north 
and  Ronth  latitudes  in  opposite  directions  at  the  same  moment 
of  time.     As  the  night  came  on  and  a  tempenilure  lower  than 
th(^  mean  came  up  fnim  the  cast  and  passed  over,  the  lines  of 
force  wuuld  he  iutlectcd  as  iu  P  or  1*,  and  u  reverse  vaiintion 
of  the  needle  to  that  which  occuixkI  bcfurv  would  now  take  place. 
That  D&tnral  effects  of  variation  must  be  produced  consequent 
upoti  the  muguctic  nature  uF  oxygen  and  its  daily  variutiuiis  of 
temperature  is  nianiregt ;  but  whether  they  aiusc  llie  obserretl 
variations,  or  arc  competent  to  do  so,  is  a  question  tliat  can  only 
be  decided  after  very  careful  inquiry.     Observations  arc  now 
made  on  the  nurfaoc  of  the  earth  with  extreme  care  in  manr 
placcN,  and  thcsf>  are  collated,  and  tlic  nvcrnge  or  mean  result, 
as  to  directiuii  and  intensity  of  the  earth's  force,  ascertained  for 
every  hour  and  scAson  ;  and  also  many  remarkable,  aimuialous, 
and  extra  results  evolved.     X  theory  of  the  causes  of  any  or  all 
of  these  variations  may  be  examined  first  hy  the  ^ftrM'/ion  which 
the  varying  needle  doM  or  ought  to  assume,  and  then  by  the 
avtmint  of  the  variation.     The  hypothesis  now  brought  forward 
has  been  compared  with  the  mean  daily  variation  for  all  the 
months  in  the  year  at  north  and  snntb  stations,  an  Toronto  and 
ilobarton,  and  at  many  others  near  to  and  far  from  the  et|nator, 
and  agrees  in  dirct4ion  with  the  results  observe<l  far  beyond  what 
tho  author  anticipated.     Tims  the  paths  described  by  the  upper 
elide  of  free  needles  in  the  north  and  south  hemispheres  should 
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be  closed  curres,  with  the  motion  in  opposite  and  certain  direc- 
tions, and  so  they  are : — the  currea  described  by  needlea  in  north 
or  south  latitudes  shonld  be  larger  in  snnimer  and  smaller  in 
winteTj  and  so  they  are : — a  night  or  cold  action  should  grow 
up  in  the  winter  months,  and  such  is  the  case  : — the  northern 
hemisphere  ought  to  have  a  certain  predominance  over  the 
southern,  because  of  its  superior  temperature,  and  that  is  so : — 
the  disposition  of  land  and  water  ought  to  have  an  influence, 
and  there  is  one  in  the  right  direction  : — so  that  in  the  first 
statement  and  examination  of  the  hypothesis  it  appears  to  be 
remarkably  supported  by  the  facts.  All  these  coincidences  are 
particularly  examined  into  and  stated  in  the  Philosophical  Trans- 
actions already  referred  to.  The  next  step  will  be  to  ascertain 
what  is  the  amount  of  change  in  the  conducting  power  of  the  air 
for  given  changes  of  temperature,  and  then  to  apply  that  in  the 
endeavour  to  ascertain  whether  the  amount  of  change  to  be 
expected  is  (as  well  aa  the  direction]  accordant  with  that  which 
really  occurs. 
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§  34.  On  linta  of  Magnetic  Force ;  their  dpjimte  character ;  and 
their  ditlribution  vrilhin  a  Magnet  and  through  space^ 
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8070,  From  my  earliest  experiments  on  the  relation  of  clcctri. 
city  tDiI  inagDetism  (114.  note],  I  have  had  to  think  and  ipeilk 
of  lines  of  magnetic  force  as  representation!  of  the  magnetic 
pttwrr ;  not  merely  in  the  puinta  of  quality  antl  direction,  but 
alBO  in  quantity.  The  necessity  I  vas  under  of  a  mure  frequent 
use  of  the  term  in  wmc  recent  reacarches  (21i0.  S:c.},  has  led 
me  tolxlievt'  that  the  time  lias  arrived,  vheu  the  idea  conveyed 
by  the  p1ira»e  should  be  stated  rery  clearly,  and  abould  also  be 
carefully  eiamiueJ,  that  it  may  be  ascertained  how  far  it  may 
be  truly  applied  in  representing  magnetic  conditions  and  phu. 
nuuicna ;  hovr  far  it  may  bo  useful  in  their  elucidation  ;  and, 
alto,  how  far  it  may  assist  in  leading  the  mind  correctly  on  to 
Further  oouccptions  of  the  physieal  nature  of  the  force,  and  tbc 
recognition  of  the  poswbic  effects,  either  ncnr  or  old,  which  may 
be  produced  by  it. 

S071.  A  line  of  mo^ielie  force  may  be  defined  U8  that  line 
which  is  (IcBcribvd  by  a  very  small  magnetic  needle,  when  it  is 
BO  moved  iu  either  direction  correspondent  to  its  length,  that 
the  needle  is  constantly  ■  tangent  to  the  Une  of  motion;  or  it  is 
^^H  tbut  line  alting  which,  if  a  tran.ivcmc  wire  he  moved  in  cither 
^^V  dtrcrtion,  there  ia  no  tendency  to  the  formation  of  any  current 
I  in  the  wire,  irlitlst  if  moved  in  any  other  direction  there  is  sncb 

■  a  temlency ;  or  it  \s  that  hnc  which  coincnrles  with  the  direction 

I  of  the  magnecrystalUc  axiii  of  a  crystal  uf  bismuth,  which  is  car< 

I  ricd  iu  either  direction  along  it.    The  direction  of  tbcsc  lines 

I  about  and  amongst    magnets  and  electric  currents,  is  easily 

I  represented  and  undcntood,  in  a  general  manner,  by  the  ordi. 

I  nary  use  of  iron  fthnga. 
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307S.  These  \iat»  bare  not  merely  a  determinate  direction, 
Kcopiizablc  as  above  (3071.)  i  but  because  tbey  arc  related  to  a 
polar  or  antitlieti«il  power,  have  opjtositc  qnnlit  k-t  or  conditions 
ill  oppofiilc  dircctiong;  lhc»c  qtialitit-^,  which  have  to  be  distin- 
guished and  identified,  are  made  manifest  to  us,  either  hj  the 
position  of  the  ciidn  of  the  magnetic  nccdlc>  or  by  the  dirccttOQ 
of  the  current  induced  io  the  moving  wire. 

3073-  A  point  eipially  im^Mirtant  to  the  definition  of  the^e 
lines  is,  that  tliey  represent  a  determinate  and  unebangtng 
amount  of  force.  Though,  therefore,  their  forms,  as  they  exist 
between  two  or  more  ecntrea  or  sourcca  of  magnetic  power,  may 
vary  very  greatly,  and  also  the  space  through  which  they  may 
be  Irnced,  yet  the  sum  of  power  contained  in  any  one  ieetion 
of  a  f^ven  portion  of  the  lines  is  exactly  equal  to  the  sum  of 
pt)u-cr  in  any  other  section  of  the  same  lines,  however  altered  in 
form,  or  however  convergent  or  divergeui  they  may  be  ut  the 
second  place.  The  experimental  proof  of  this  cboractcr  of  tbe 
lines  will  be  given  hereafter  (3109.  &e.). 

307'V.  Now  it  appears  to  mc  that  these  lines  may  be  employed 
■with  great  udvautagc  to  represent  the  nature,  condition,  direction 
and  comparative  amount  of  the  magnetic  fnrcc-s;  and  that  in 
many  cases  they  have,  to  the  pbysic&l  rcaioner  at  le&at,  a  eupc- 
rioriiy  over  that  method  which  rfpresenta  the  foreest  as  concen- 
trated in  centres  of  action,  sncli  iw  the  poles  of  magutiii  or 
needles;  or  some  other  methods,  as,  for  instance,  that  whicb 
ooDsidcn  north  or  soutb  magnetisms  an  fluids  diffused  over  the 
enda  or  amongst  the  particle  of  a  bar,  No  doubt,  any  of  these 
methodA  whieli  does  not  aitsume  too  mueh,  will,  with  a  faithful 
application,  give  true  results  ;  ami  so  they  all  ought  to  give  the 
lame  results  as  far  as  they  can  rcsi)cetivcly  Ih:  applied.  But 
some  may,  by  their  very  nature,  be  applicable  to  a  fur  greater 
extent,  and  give  far  more  varied  results,  than  othere.  For  just 
as  either  geometry  or  analysis  may  be  employed  to  solve  cor- 
rectly a  iwrlieiilar  problem,  though  one  has  far  more  power  and 
capability,  generally  speaking,  timn  the  other;  or  just  us  cither 
the  idea  of  the  reflexion  of  imagca,  or  that  of  the  reverberation 
of  nouodsmay  bo  used  to  reprexent  certain  physical  forces  and 
conditions ;  so  may  the  idea  of  the  attractions  and  repulsions  of 
ceotres,  or  thut  of  Ibc  disposition  of  magnetic  fluids,  or  that  of 
linea  of  force,  be  applied  iu  tlie  cousidcration  of  magnetic  phie- 
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noracns.    It  is  the  occ3»oual  and  more  frequent  u»e  of  the 
latter  which  I  nt  present  wixli  to  advocate. 

3075.  I  desire  to  restrict  the  meaning  of  the  term  rtne  of  force, 
so  lliat  it  nhall  imply  no  more  than  the  conditinn  of  tlie  lorce  in 
any  given  jAmcx,  as  to  strcn^U  aud  dirsction  ;  and  not  to  include 
{ftt  present)  any  idea  of  the  nature  of  the  physical  cause  of  the 
phienntDi'na ;  or  be  tied  up  with,  or  in  any  way  dependent  on, 
such  an  idea.  Still,  there  is  no  impropriety  in  cndearonring 
to  conceive  tbe  method  in  vhicb  the  physical  forces  ore  cither 
excited,  or  exist,  or  arc  ti-anamittefl ;  nor,  when  these  by  experi- 
ment and  comparison  are  ascertained  in  any  given  degree,  ia  j 
representing  tlicm  by  any  method  nhieh  we  adopt  to  represent 
the  mere  forces,  provided  no  error  is  thereby  introduced.  On 
the  enntmry,  wlieQ  the  natural  truth  and  the  oooTcntiOQal  repre- 
sentation of  it  must  eloftcly  sf^ree,  then  are  we  most  adTancnd  in 
our  knowledge.  The  cmissioti  and  the  tether  theories  present 
sueb  cases  in  relation  to  light.  The  idea  of  a  fluid  or  of  two 
fluids  is  tbe  same  for  electricity  ;  and  there  tbe  further  idea  uf  a 
current  has  been  raised,  which  indeed  has  such  hold  on  the  mind 
as  occesiouolly  to  ciDbarra-is  the  science  as  respects  the  trttfti 
dkaractcr  of  the  physical  agencies,  and  may  be  d<mig  so,  even 
now,  to  a  degree  which  wc  at  present  little  suspect.  The  saroe 
js  the  c»sp-  with  the  idea  af  a  magnetic  fluid  or  fluids,  or  with  the 
aiwumptton  of  magnelie  centres  of  action  of  wbieh  the  n'stiltants 
are  at  the  poles,  llow  the  magnetic  force  is  transferred  through 
bodies  or  through  space  we  know  not : — whether  the  result  is  , 
mervly  action  ot  a  distance,  as  in  the  case  of  gravity;  or  by  soma' 
intermediate  agency,  as  in  the  caac  of  light,  heat,  tbe  electric 
current,  and  (as  I  helierc)  static  electric  action.  The  idea  of  mag- 
netic fluid.1,  aa  applied  by  Mime,  or  of  magnetic  centres  ()f  action, 
does  not  include  that  of  the  tatter  kind  of  transmission,  but  tbe 
idea  of  lines  of  force  docs.  N evert bclcss,  bce-iusca  particular 
method  of  representing  the  forces  does  not  include  such  a  mode 
of  tntnsmifwion,  the  latter  is  nut  therefore  disprored  ;  and  that 
method  uf  repn^scntatiou  which  barmouisca  with  it  may  bo  tlic 
most  true  to  nature.  Tlie  general  conclusion  of  pbilt>30pbcrs 
Mcnu  to  he,  that  such  casea  are  by  far  tbe  most  nnmcrous,  and  for 
my  own  part,  considering  the  rclstion  of  n  vacuum  to  the  mag- 
netic force  and  the  general  character  of  magnetic  phenomena  ex- 
ternal to  tbe  magnet,  1  am  more  inclined  to  the  notion  tliat  in  the 
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traiismUaioQ  of  tlie  force  there  U  such  an  action,  external  to  the 
magnet,  Uian  that  the  eflfcctit  arc  merely  attraetioti  and  repulnion 
at  a  distance.  Such  au  action  mar  be  a  fuuclion  of  the  K^tbc^; 
for  it  is  not  at  all  unljkrly  timt,  if  there  be  an  ather,  it  should 
hare  other  uses  than  eimpiy  the  conrcyancc  of  radiation*  (2591 . 
27Sr.).  Perhaps  when  vc  are  more  clenrly  in9trf||»tod  in  this 
matter,  we  shall  »e«  the  source  of  the  contradictions  which  are 
supposed  to  exist  between  tlic  results  of  Oiulnmh,  llnrri!*  and 
other  philosophcni,  and  find  that  thej  are  not  contradictions  iu 
rcalitr,  but  mere  diffrrcnccH  in  degree,  dependent  upon  partial 
or  imperfect  views  of  the  phenomena  and  their  causes. 


8076.  Lines  of  mngnetie  force  mny  be  reoopnixed,  either  hj 
their  action  on  a  magnetic  needle,  or  on  a  conducting  body 
moTing  ocroKi  them.  Kach  of  thcac  actions  may  be  employed 
also  to  indicate,  either  the  direction  of  the  line,  or  the  force 
exerted  ut  any  given  jvoint  in  it,  and  this  they  do  with  advan- 
tages  for  the  one  method  or  the  other  under  particular  eircum- 
■tanccs.  The  actions  are  hoTrever  very  dijfereat  in  their  nature. 
The  needle  shows  its  rcsulta  by  attractions  and  repulsions ;  the 
moving  conductor  or  wire  shows  it  by  the  production  of  a 
current  of  electricity.  The  latter  is  an  effect  entirely  unlike  that 
produced  on  the  needle,  and  dne  to  a  different  action  of  the 
forces;  no  that  it  gives  a  view  and  a  result  of  properties  of  the 
lines  of  force,  such  a«  the  attract  inns  and  repulsions  of  the  needle 
could  never  show.  For  this  and  other  rcttsotw  I  propose  to 
cEevelopc  find  apply  the  method  by  a  moring  conductor  on  the 
present  occasion. 

aO"7.  Tlic  general  principles  of  the  development  of  an  electric 
current  in  a  wire  moving  under  the  influence  of  magnetic  forces^ 
were  given  on  a  former  occasion,  in  the  First  and  Second  Scrie*  , 
of  these  Kcsearches  (36.  Sre.) ;  it  will  tlicrofore  be  unnoeesBary  to 
do  more  than  to  call  attention,  at  this  time,  to  tlie  special 
charactfT  of  its  indications  as  compared  to  tbuse  of  a  magnetic 
needle,  and  to  show  how  it  becomes  a  pceubar  and  important 
addition  to  it,  in  the  illustration  of  magnetic  action. 

S078.  The  moving  wire  produces  its  greatest  effect  and  indi- 
cation, not  when  passing  from  stronger  to  weaker  places,  or  the 
revene,  but  when  moving  in  places  of  equal  action,  i.  e.  trans- 
vcrsely  across  the  Hues  of  force  {HIT.). 
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307!).  It  drtcrminei  the  direction  of  tbe  polarity  W  un  effect 
euUrek  iuilvpcatlcnt  of  poiotiDf^or  suchlike  results  of  attraction 
or  rejiulHion  ;  i.  e.  by  the  direction  oE  tbe  el<>etric  current  pro- 
duct'il  in  it  during  the  motion  '. 

3080.  Tlic  j>riuci]ilc  cuu  be  applied  to  tLc  examination  of  the 
foTrcfl  within  uumcrouA  solid  bodies,  as  the  mctal-s,  an  well  oa 
outside  iu  the  air.  It  is  not  often  cmbarrafticd  by  tbcdiflcrcnce 
of  the  surrounding  media,  and  can  be  imc<1  in  fluid«t,  goscs  or  a 
vacuum  with  equal  fiicility.  Hence  it  con  penetrate  and  be 
employed  where  the  needle  is  forliiddi-n ;  and  in  other  cases 
where  (he  needle  migbt  be  resorted  to,  though  greatly  crabar- 
raesed  by  the  media  around  it,  the  moving  wire  may  be  used 
vitli  an  immediate  result  (3142.). 

3081.  The  method  can  even  be  applied  with  equal  facility  to 
the  interior  of  a  magnet  (311S.},  a  place  utterly  inaecesMble  to 
tbe  mn^ctic  needle. 

3083.  The  moving  nirc  can  be  made  to  sum  up  or  gire  \ht 
rexullant  at  onccof  the  magnetic  action  at  many  diU'crent  plncea, 
i.  e.  the  action  due  to  an  area  or  section  of  the  lines  of  force, 
and  BO  supply  cxi>cnmcntal  comparlsona  which  tbe  needle  could 
uot  give,  except  with  very  great  labour,  and  tlieu  imperfectly. 
Whether  tbe  wire  moves  directly  or  oblii^ucly  across  the  liues 
offeree,  in  one  direction  or  another,  it  sums  up,  with  the  same 
accuracy  in  priiieiplu,  the  amount  of  the  forces  represented  hj 
the  lines  it  has  crossed  (3113.}. 

30S3.  So  a  moving  wire  may  be  accepted  as  a  correct  philoso- 
phical iudication  of  the  presence  of  magaelic  force.  I II  list  rat  ions 
of  the  cnpabiiitiw  already  referred  to,  will  arise  and  be  pointed 
out  in  the  present  paper ;  and  though  its  sensibility  does  not 
as  yet  approach  to  that  of  the  magnetic  needle,  still,  there  is  no 
doubt  that  it  may  be  very  grtatly  incTca.<ied.  Tbe  diversity  of 
its  popsiblc  arrangements,  and  the  great  advantage  of  that  divcr- 
aity,  is  already  very  manifest  to  myself.  Though  both  it  and 
the  needle  depend  for  their  results  upen  essential  characters  and 

•  A  itslunU  steDiisKl  of  tliw  polarity  nwy  be  obUino^,  by  ii!&mng  M>  th« 
lioM  (if  rurce  of  ihit  Mrth,  !a  tbe  nortkeru  koinispliere,  iJiiu : — if  ii  pcraou  witk 
Bimi  est^ndnd  moTO  r<irwsKl  in  thew  Islitiuiea,  Ihpn  tli«  dimctinii  of  th« 
tiactrie  currwi^  wliicb  would  l«n<l  tn  b«  producod  in  a  ivir»  r«pi>Moiit«d  by  lb* 
amu,  would  be  ttom  tiit)  ri^t-bsad  cbtough  tbe  sim  uid  bodv  lowsrds  tlie 
l»fl. 
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qualities  of  the  tni^nietic  force,  yet  those  which  are  influcntiiJ, 
and,  therefore  iudicated,  in  the  one  cane,  are  very  different  from 
those  which  are  active  in  tlic  oth(-T;  I  mwui,  an  far  as  wc  have 
been  able  a»  yet  to  refer  direct  ly  the  eQ'ects  to  ewential  charac- 
tcjs :  and  this  difTcrcncc  tnay,  hereafter,  enable  the  wire  to  ^ive 
a  new  insight  into  tlii^  nature  of  the  magnetic:  Torve;  and  so 
it  may,  liually,  bear  u.|iim  tuquirca,  such  as  whether  magtietie 
polarity  is  axial  or  dependent  upon  transvcme  lateral  condltious; 
whether  the  tniusiuission  of  the  force  is  after  the  manner  of  a 
vibration  oi'  current,  or  simplj'  action  at  a  distance;  and  the 
many  other  questions  th»t  arinc  in  the  minds  of  those  who  are 
puraniog  this  braucb  of  knowledge. 


It  a  wooden  Btund^        r        Af^        j 

ich  the  base  is  a   ^^laW  g/p^^ ^ 

1 7*5     itK'hm     in  ^ ■=r- — I 


^•s 


t 


/ 


8084.  I  will  proceed  to  take  the  ease  of  a  simple  bar  mnguet> 
employing  it  in  illustration  of  wha.t  has  been  said  respecting  the 
Itnea  of  force  and  the  moving  conductor,  and  also  for  the  purpoeef 
of  sBcertoining  how  these  lines  of  force  are  disposed,  both 
without  and  within  the  magnet  itself,  tipon  which  they  ore 
dependent  or  to  which  they  belong.  For  this  pur|ioaB  the  fol- 
lowing    apparatus     was 

employed.    Ixt  fis.  I  re-  "'^'   " 

present 
of  whi 

board  17*3  inehcs  in 
leo^b,  and  6  inelies  in 
breadth,  and  UK  of  an 
inch  in  thickness :  these 
diraensioiis  will  »crve  as 
a  acalefor  the  other  parts. 
A  H  arc  two  wooden  uprights;  D  is  an  axisof  wood  hnring two 
Jong  deprvsaiona  Cut  into  it,  for  the  purpose  of  carrying  Ihe  two 
bar  magnt-t-i  F  and  O.  The  wood  is  not  cut  away  quite  .icroas 
the  aiis,  but  is  left  in  the  middle^  so  that  the  magneU  are 
about  ■j'i[th  of  an  inch  apart.  From  O  towards  the  supjjort  A, 
it  is  remoTcd,  however,  as  low  down  as  the  aicis  of  revolution,  so 
OS  to  form  a  notch  between  the  two  magnets  when  they  arc  in 
their  places;  and  by  further  removal  of  the  wood,  this  notch  is 
continued  on  to  the  end  of  the  axis  at  P,  This  notch,  or 
opening,  is  Intended  to  receive  a  wire,  which  can  be  carried 
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down  the  axis  of  rotation,  and  then  passiug  out  between  tlie  tvo 
magnets,  anywhere  between  O  and  N,  can  be  retained  towanlB 
the  end  P  on  ths  outside.  The  mngnets  are  so  placed,  that  the 
ceTilral  line  nf  their  compound  Rystem  coincides  with  tbt*  axis 
of  rotation  ;  K  being  a  handle  ))v  which  rotation,  when  requiredj 
is  pvcQ.  H  and  I  nre  tvo  copper  riiifrs^  slipping  tightly  on  to 
the  axis,  by  which  commuDtcatioi)  is  to  be  made  between  a  wire 
adjusted  so  as  to  revolve  with  the  magnets,  and  the  fixed  ends 
of  wires  proceeding  from  a  galvanometer.  Tliutt,  let  P  L  repre- 
sent a  coTciTcl  wire;  which  Ix^ing  led  along  the  bottom  of  the 
noteh  in  the  axis  of  the  appurntns,  and  pasisiag  out  at  the 
e({iiAtonnl  pnrtt  of  the  mngnets,  returns  into  the  notch  o^n 
near  N,  and  terminaUis  at  K.  When  the  form  of  the  wire  loop 
is  detenniued  and  given  to  it,  then  a  little  piece  of  soft  wood  is 
placed  between  the  wires  in  the  notch  at  K,  of  such  thickness, 
that  when  the  ring  I  is  put  into  its  place,  it  shall  press  upon 
the  npper  wire,  the  piece  of  wood,  and  the  lower  wire,  and  keep 
all  tightly  lised  together,  and  at  the  same  time  Icftve  the  two 
wires  effectually  separated.  The  second  ring,  H,  is  then  put 
into  its  place  on  the  axis,  and  the  introduction  of  a  «mall  wedge 
of  woud,  at  the  end  of  the  axis,  serves  to  press  the  cml  P  into 
close  and  perfect  contact  with  the  ring  H.and  keep  all  in  order. 
So  the  mrc  is  free  to  revolve  with  the  tnagnpts,  and  the  rin^s 
H  and  I  are  itii  finnal  terminations.  Two  clips,  as  at  C,  Iiold 
the  ends  of  the  galvanometer  wire  [also  of  copper) ;  and  the  latter 
arc  made  to  prt'ss  against  the  rings  by  their  elasticity,  and  giire 
an  effectual  contact  bearing,  which  generates  no  current,  either 
by  difference  of  nature  or  by  frictiou,  during  the  rerolution  of 
the  axis, 

3083.  The  two  magnets  are  bare,  each  13  inches  long,  1  inch 
broad,  and  0*4  of  an  inch  thick.  They  weigh  each  19  ouncea, 
and  Biv  of  such  a  strength  a.^  to  lift  each  other  end  to  end  and 
no  more.  When  the  two  are  adjusted  in  their  place,  it  is  v\\h 
the  similar  poles  together,  so  that  they  shall  act  as  one  magnet, 
with  a  division  down  the  middle:  they  arc  retained  in  their 
place  by  tying,  or,  at  times,  by  a  ring  of  copper  which  slips 
tightly  over  them  and  the  axis. 

3()8G.  The  galvanometer  is  a  very  delicate  instmment  made 
by  Rhumkorff  (2*i.">I.).  Jt  was  placed  abont  6  feet  from  the 
magnet  apparatus,  and  was  not  affected  by  any  revolntion  of  the 
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latter.  The  wires,  couooctiag  it  with  the  magnets,  were  of 
copper,  0-04  of  au  inch  in  diaiueter,  and  ia  their  whole  length 
about  25  feet.  Tbe  ]ctit;th  of  the  wire  in  the  galvanometer  ]  do 
Dot  know ;  its  diameter  wsd  -|  ^  ^^tb  of  on  inch.  The  condition 
of  the  galranonQCtcr,  wires,  and  magnets,  was  such,  that  when 
the  bend  of  titc  wires  was  formed  into  a  loop,  and  that  carried 
once  orer  the  pole  of  the  united  mag*  ...    ,, 

nets,  as  from  a  ta  i,  lig.  3,  tlic  galvuuo-  ^  t     ~ 

meter  uoedlc  wan  dcllcctod  two  degrees 
or  more.  The  vibration  of  the  needle 
was  slow,  and  it  was  easy  therefore  to 
reiterate  this  action  five  or  six  times,  or 
ofUmer,  breaking  and  making  contact 
with  the  galvanometer  at  right  inter- 
vals, BO  OH  to  combine  the  effect  of  like 
indnced  currents  ;  and  then  a  d^-dection 
of  \(f  or  15°  on  cither  side  of  tern  oouldhe  readily  obtained. 
The  arrangemcntj  therefore,  was  iiufficieiitly  senHiblc  for  first 
cxpcriioeats ;  and  though  the  rosistauee  ogiposed  hy  the  thin  long 
gaJvanoiDCtcr  wire  to  fcobic  currents  was  considerable,  yet  it 
would  alwaye  be  the  same,  and  would  not  interfere  with  results, 
■where  the  final  effect  was  equal  to  (f*,  aor  in  tliOM  where  the 
conarqnrnccit  were  shown,  not  by  absolute  memsuremcnt,  but  by 
Comparatirc  didrrenees. 

8087.  The  tirat  practical  result  produced  by  the  apparatus 
described,  in  respect  of  magneto-clcotric  induction  generally,  ia, 
that  a  piece  of  metal  or  euuducting  matter  which  niovi^  ueruea 
linea  of  magnetic  force,  has,  or  tends  to  have,  a  currebt  of  eleo 
tricity  produced  in  it.  A  more  restricted  and  precipe  expression 
of  the  full  cfToct  is  the  fuUowiug.  If  a  contiimimn  circuit  of 
conditcting  matter  l>c  traced  out,  or  conceived  of,  cither  in  a 
solid  nr  fluid  musH  of  metal  or  coniluirtiug  matter,  or  iu  wires  or 
bars  of  metal  arranged  in  nou-coiiduetiug  matter  or  space; 
which  being  moved,  crosses  lines  of  magnetic  force,  or  being 
still,  is  by  the  translation  of  a  magnet  crossed  by  snch  lines  of 
force  i  and  further,  if,  by  inequality  of  angidar  motion,  or  by 
contrurj-  motion  of  different  parts  of  the  circuit,  or  by  ineiiuality 
of  the  motion  in  the  same  direction,  one  pari  crosses  either  more 
or  fewer  linea  than  tlic  other;  then  a  current  will  exist  round  it, 
due  to  the  differential  relation  of  the  two  or  more  intersecting 
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l*rt8  during  the  time  of  the  motion :  the  direction  of  which  cuf- 
rrut  will  be  dctermitieil  (with  lines  hnving  a  giren  direction  of 
p<jIaritT)  by  the  dirertion  of  the  intcrsrction,  combined  with  the 
rLliitivc  amount  uf  the  iulenwction  in  llie  two  or  more  efficient 
and  dctcrmiuiog  (or  iuterscctirtg)  porta  of  the  circuit. 

3068.  Thus,  if  fig.  3  reprcacDt  a  magnetic  poleN,  uid  over  it 
a  circuit,  formed  of  metal,  which  may  Mg-S. 

be  of  any  shape,  and  which  is  at  first 
in  the  position  c ;  then,  if  that  circuit  he 
moved  in  one  direction  into  the  posi- 
tion 1 ;  or  in  the  contmrj'  direction  into 
position  2;  or  by  a  double  direction  of 
motion  into  position  3  ;  or  by  ti'ans- 
tation  into  position  4;  or  into  position 
S ;  or  any  position  tiotwccn  the  &ni  and 
thcae  oranT  resembling  th«m ;  or.if  tbe 
finit  position  c  Wing  retained,  the  pole 
move  to,  or  lowardu,  the  position  n  ; 
then,  an  electric  current  will  be  produced  in  the  circnit,  haTing 
in  every  case  the  same  direction,  bciug  that  nrhich  is  marked  in 
the  figure  by  arrows.  Reverse  moiiom  will  give  currenta  in  the 
Kvene  direction  (3j6.  &c.). 

3060.  The  general  principles  of  the  production  of  electrical 
currents  by  magnetic  induction  have  hecn  formerly  gircn 
[27.  &c.)  \  and  the  law  of  the  direction  of  the  current  in  relation 
to  the  lines  of  force,  etatcd  {114.  3079.  note).  But  the  fidl 
meaning  of  the  above  description  can  only  bo  appreciated  here- 
after, when  the  experimental  resnibt,  which  supply  a  larger 
knowledge  of  the  relations  of  the  current  to  the  hoes  tff  force, 
have  been  dcBcriWil. 

3090.  When  lixfs  of  force  arc  spoken  of  as  croRsing  a  con- 
ducting circuit  (3087.),  it  must  be  considered  as  effected  bv  the 
trmstation  of  a  magnet.  No  mrjt-  rotation  of  a  bar  magnet  on 
it«  axis,  produccx  any  induction  cfTecl  on  circuits  exterior  to  it ; 
for  then,  the  conditions  above  described  (3088.)  are  not  fulfilled. 
The  system  of  power  about  the  magnet  must  not  be  considered  a* 
neccaaarily  rc^'olving  with  the  magnet,  any  more  than  the  rays  of 
light  whidi  emanate  from  the  sun  arc  supposed  to  revolve  with  the 


'  riiilnMpbical  TraajacUoBS,  1689.  p.  131,  &c. 


Oct.  1851.] 


outHde  of  a  maptet. 


837 


sun.  The  magnet  may  crcn,  in  certain  cases  (SOQT.),  he  consi- 
dered OS  rcvoh-iiig  amongst  its  own  forcca,  aud  producing  a  full 
electric  effect^  sensible  at  the  galvanometer. 


r 
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3091.  In  the  first  instance  the  wire  was  carried  down  the 
axis  of  the  laa^net  to  the  middle  distanw,  thrn  l<xl  out  at  the 
equatorial  purt,  und  returned  on  the  outside;  tig.  4  wnl  rcpro- 
tent  siich  a  disposition.    Supposing  Fig.  4. 

the  magnet  siud  wire  to  rovolve  onco, 
it  is  efideot  that  the  nirc  a  may  be 
considered  as  passing  in  at  the  axis 
of  the  magnet,  and  returning  from 
b  across  the  line»  of  force  esteru&l 

to  Hae  magnctj  to  the  axis  agiiia  at  e  ;  and  that  in  otic  rcvolutiou 
the  wire  from  6  to  c  has  iutemccted  once,  all  the  lines  of  force 
eioiinatiug  from  the  N  end  of  tlic  magnet.  lu  other  wonU, 
whatever  courae  the  wire  may  take  from  t  to  c,  the  whole  njr.ftem 
of  lines  h«loQgiag  to  the  magnet  has  been  once  crossed  by  the 
Tvirc.  In  order  to  have  a  correct  notion  of  the  rc-lation  of  the 
result,  we  will  suppose  a  person  standing  at  the  handle  E,  fig.  1 
(3084.),  and  looking  along  the  magnets,  the  magneto  heing 
fixed,  and  the  wire  loop  from  b  toe  turiH;d  over  toward  the  left- 
hand  into  a  hurizoutol  phwe ;  tlicu  if  that  loop  be  moved  orer 
towards  the  right-hand,  the  mngnct  remaining  stationary,  it  will 
be  eqaivaient  to  a  direct  revolution  (according  to  the  hands  of 
a  watch  or  clock)  of  180°,  and  will  produce  a  feeble  current  iu 
a  givcu  direction  at  the  galvanometer.  If  it  be  carried  back 
180°  in  the  reverse  direction,  it  will  produce  a  corresponding 
current  in  the  reverse  direction  to  the  former.  If  the  wire  be 
held  in  a  vertical,  or  any  otlier  ]ilaue,  so  th.it  it  may  he  eonai- 
dered  as  fixed,  and  the  magnet  be  rotated  through  half  a  rcro- 
lution,  it  will  also  |»rodue«  a  current  ;  aud  if  rotfitcd  in  the 
contrary  direction,  will  produce  a  contrary  current;  but  as  to 
the  direction  of  the  eurrcnta,  that  produced  by  the  direct  rero- 
lution  of  the  wire  is  the  same  a.«  thiit  produced  by  the  reverse 
revolution  of  the  magnet ;  and  that  produced  hy  the  rrverse 
revolution  of  the  wire  is  the  lutmc  aa  that  [)roduccd  by  the  direct 
revolution  of  the  magnet.  A  more  precise  reference  of  the 
direction  of  the  current  to  the  partieulur  pule  employed,  and 
the  direcli(in  of  the  revolution  of  the  wire  or  magnet,  is  not  at 
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prciiCDt  necessary ;  bat  if  rcqaired  u  obtained  at  oncsc  by  re- 
fcrcaoc  to  fig.  3  (3068.),  or  to  the  general  law  (114.  3079.  note). 

3093.  Tlic  magnet  and  loop  being  rotated  tofcethcr  in  cither 
direction,  no  trace  of  »n  electric  cuTreni  was  pnxluced.  In  this 
case  the  effect,  if  anj,  could  \>e  greatly  exalted,  became  tlte 
rotatiou  could  be  coiitinacd  for  10,  dO,  or  nny  number  of  revo- 
lutions without  dcrnngeiucut,  and  it  was  easy  to  make  Uiirty 
rerolntions  or  more  within  the  time  of  the  swing  of  the  gnhn- 
nomctcr  needle  in  one  dircotion.  It  was  also  easy,  if  nny  cflect 
were  produced,  to  accumulate  it  upon  the  galvanometer  by 
reversing  the  rotation  at  tJic  doe  time.  Hut  no  amount  of  rcro- 
lution  of  tlic  mngnrt  and  wirrtngcthcrcoiitd  produce  any  effect. 

30U3.  The  loop  wu«  then  taken  out  of  the  u-xis  of  the  maguct, 
but  attached  to  it  by  a  piece  of  pastelioard,  so  that  all  HhuiUd  be 
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fixed  together  and  revolve  with  the 
aaa>e  angular  velocity,  Jig.  5 ;  but 
vhaterer  the  shape  or  disposition  of 
the  loop,  whether  large  or  small,  near 
or  distant,  open  or  shut,  in  one  plauc, 
or  contorted  into  various  plaucs;  what- 
ever the  Khape  or  condition,  or  place,  provided  it  moved  olto- 
gi-tlicr  with  the  magnet,  no  current  was  pi^aced. 

aOiKk  Furthermore,  when  the  loop  was  out  of  the  magnets, 
and  by  cxpedicnta  of  arrangement,  waa  retained  immovable^ 
whilst  the  magnet  revolved,  no  anioant  of  roUtion  of  the  mag. 
net  {unaccompanied  by  translation  of  place)  produced  any  dcgive 
of  current  through  the  loop. 

3095.  The  loop  of  wire  was  then  made  of  two  parts  ;  the  por- 
tion f.  fig.  6,  on  the  outside  o£  the 
magnet,    was  fixed  at    b,  and    the  Fig.  6. 

portion  a,   being  a  separate  picce> 
was  carricil  along  the  axis  until  it  * 
came  in   contact  with  the    former  • 
at  rf;  the  revolution   of  one  part  '~ 

■WM  tbns  permitted  either  with  or  without  the  other,  yci  prc^ 
MTving  always  metallic  contact  and  a  complete  circuit  for  the 
induced  current.  In  thin  caac,  when  the  external  wipe  and  the 
magnet  were  fixed,  no  curn-nt  was  prodiirrd  by  any  amount  of 
rovolation  of  the  wire  a  on  its  axis.  Neither  wa.i  nny  current 
produced  when  the  magnet  and  wire,  c,  d,  were  rcvt^vcd  to- 
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getUer,  whetlier  the  wire  a  revolved  with  them  or  nor.  Wbon 
the  lua^nct  was  revolved  without  the  external  part  of  c  d,  or  the 
]&tter  revolved  without  the  magnet,  then  corrcnts  were  prodaood 
u  before  (3001.). 

8096.  The  magnet  was  now  included  in  the  circuit,  in  tlie 
fullowing  manner.  The  wire  a, 
6g.  7,  was  placed  in  metallic  con- 
tact on  both  siilcs  of  the  interval 
between  the  magnets  nt  N  [or  the 
pole),  and  the  part  e  was  brtiitght 
into  contact  with  the  oeutrc  at  d. 

The  reautl  was  in  e^er^ihini;  the  same  aa  when  the  wire  a  wa« 
continued  up  to  d,  i.  e.  no  amount  of  revolution  of  the  magnet 
and  part  e  together  could  produce  any  electric  current.  When 
c  wa»  mode  to  tcnninnlc  at  e  or  the  equatorial  part  of  the  mag- 
net,  tlie  result  was  preciwly  theanme.  Also,  when  c  t<:nuiuat«<l 
at  e,  the  part  a  of  the  wire  was  continued  to  the  centre  at  ff, 
and  there  the  contact  perfected,  but  the  result  was  still  the  aamSi 
No  differeucc,  therefore,  was  produced,  by  the  use  between  N 
and  d,  or  d  and  e,  o(  the  partH  of  the  magnet  iu  place  of  an  insu- 
lated copper  wire,  for  the  completion  of  the  cir-'uit  in  which  the 
induced  current  waa  to  travel.  No  rotation  of  the  piirt  a  pro- 
duced any  effect,  wherever  it  was  made  to  terminate. 

3097.  Iu  order  to  ohtaiu  the  power  of  rotating  the  magnet 
■without  the  external  part  of  the  wire,  a  copper  ring  wnd  fixed 
round,  and  in  contact  with  it  at  the  equatorial  part,  and  the 
wire  c,   fig.   8,  mode   to  hear  by  Kg.  B. 

spring  pressure  against  this  ring, 
and  also  against  the  ring  H  on 
thcaiia,  fig.  1  (.3081.};  the  circuit 
waa  examined,  and  found  com- 
plete.    Now  when  the  wire  c  e  was 

fixed  and  the  magnet  rotated,  a  current  waa  produced,  and  that 
to  the  same  amount  for  the  same  number  of  revolutions,  wliether 
the  part  of  the  wire  «  terminated  at  N,  or  was  conlinuctl  on  to 
the  centre  of  the  magnet,  or  wa«  iuHuliitrd  from  the  magnet  and 
continued  np  to  the  copper  ring  c.  "When  the  wire,  by  expe- 
dients, which  though  n)tif;h  wcrcMifficicnt,  was  made  to  revolve 
whilat  the  magnet  was  stiil,  currents  in  the  contrary  direction 
•were  produced,  in  accordance  with  the  effect  before  described 
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(3001.);  ftnil  tlic  results  wIicd  fhe  irire  And  magnet  rotated 
together  (309a.),  show  that  these  are  in  amount  cxa»!tly  aiual 
to  the  former.  Mlicn  the  inner  an<l  the  tmt«r  wires  ncre  hoth 
motionless,  and  the  magnet  only  rvvolTcd,  a  current  iu.  the  full 
proportion  was  prodiicc<l,  and  that,  wht'ther  the  axial  wire  a  made 
contact  at  the  pole  of  the  maj^ict  ur  tu  the  centre. 

3098.  Another  arrangement  of  the  magnet  and  irirc*  Iran  of 
the  following  kind.     A  radial  insulated  wire  was  fucd  in  the 
middle  of  the  magucts,  from  the 
centre  d,  fig.  9,  to  the  circumfe-  Fir-* 

rence  b,  being  coDucctcd  there 
with  thr  ccjnatorial  ring  (3097.)  ;  ^ 
au  axial  wire  tuudicd  this  nidial  »~ 
vire  at  the  ecutre  and  pa&scd  out 
at  the  pole ;  the  external  part  of  the  circuit,  pmt«ing  on  the  ring 
at  the  equator,  proceedi-d  on  the  oucsidc  over  the  pole  to  form 
the  commuuication  as  before.  In  the  case  where  the  magnet 
van  revolved  without  the  axial  and  the  external  wire,  tlie  fnH 
and  pi'oiH'r  current  was  produced  ;  the  small  wire,  H  6,  being, 
however,  the  only  part  in  which  this  current  cotild  be  gene- 
rated by  the  motion  ;  for  it  replaced,  under  these  ciivumstances 
the  body  of  tlie  magnet  employed  on  the  former  occasion  (3097) . 

3090.  The  external  part  of  the  wire  in.ttcad  of  bring  car- 
ried back  over  that  pole  of  the  magnet  at  which  the  axial  wire 
entered,  ifos  continued  away  over  the  other  pole,  and  so  round 
by  a  long  circuit  to  the  galvanometer;  still  the  rcvolntiou  of  the 
magnet,  under  any  of  the  deocrlbed  circumstances,  produced 
exactly  the  same  results  as  before.  f^^  jq^ 

It  will  lie  cridcut  by  iuapectiou  of 
fig.  10,  that,  however  the  wires  are 
onrried  away,  the  general  result 
will,  according  to  the  assumed  priu- 
ciplcs  of  action,  be  the  same ;  for  if 
a  be  (be  axial  wire,  and  V,  if,  V" 
the  equatorial  wire,  represented  in 
throe  different  positions,  whatever 
magnetic  lines  of  force  pass  across  IJ^{1 
the  latter  wire  in  one  position,  will 
also  pass  across  it  in  the  other,  or  iu  a»g  other  position  which 
can  be  given  to  it.    The  distance  of  the  wire  at  the  place  of 
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intersection  with  the  lines  of  force,  ban  been  shown,  Ity  the 
experiments  (3093.),  to  be  unimportant. 

3100.  Whilst  oonsidcring  the  condition  of  the  forces  of  a 
magnet,  it  may  Ix:  aUuiittod,  that  the  two  maKUCta  need  in  the 
es|>enmeutAl  investigations  dcsmbcd,  set  truly  as  one  ecntral 
magnet.  We  have  only  to  couceire  smaller  nimilar  magnets  to 
be  introduced  to  liU  up  the  narrow  space  not  occupied  by  tho 
wire,  and  then  the  complete  magnet  would  be  realized : — or  it 
may  be  viewed  as  a  magnet  once  perfect,  which  baa  hod  certain 
parts  removed ;  and  we  know  that  neither  of  these  changes 
would  disturb  the  general  diapoiiition  of  the  forces.  In  and 
art)URd  the  bar  magnet  the  forces  are  ilistrtbuted  in  the  simplc-st 
and  most  regular  manner.  Supposing  the  bar  removed  fnjui 
other  magnetic  ioflnciiccs,  then  its  poner  must  be  considered  m 
extending  to  any  distance,  according  to  the  recognized  law;  but« 
adopting  tlic  representative  idea  of  linet  offeree  (30*4.),  any 
wire  or  line  proceeding  from  a.  point  in  the  mngnetie  equator  of 
tlie  bar,  over  one  of  the  pok-s,  so  as  to  pasi  through  the  magnetic 
axis,  and  ho  on  to  a  point  on  the  opposite  side  of  the  magnetic 
C(]uator,  must  intersect  ait  tlie  lines  in  the  plane  through  which 
it  potwes,  whether  its  course  be  over  the  one  pole  or  the  other 
So  also  a  wire  proceeding  fn)ni  the  end  of  tlte  magnet  at  the 
magnetic  axis,  to  a  point  at  the  magnetic  ecguator,  must  intersect 
curves  c<)ual  to  half  those  of  a  great  plane,  however  small  or  great 
the  length  of  the  wire  may  be ;  and  though  by  its  tortuoiw  course 
it  may  pass  out  of  one  plane  into  another  onits  way  to  thecq^nator. 

3101,  Further,  if  such  a  wire  as  that  last  dc&cribed  he  revolved 
onoe  round  the  end  of  the  magnet  to  which  it  is  related,  a  slip- 
ping contact  at  the  equator  being  permitted  for  the  purpaic,  it 
will  intemect  alt  the  lines  of  force  during  the  revolution;  and 
that,  whether  the  polar  contact  is  absolutely  coincident  with  the 
magnetic  axis,  or  is  anywhere  else  at  tho  end  of  the  bar,  provided 
it  remain  for  the  time  unchanged.  All  this  is  true,  though  the 
magnet  may  Ix:  subject,  by  induction  at  a  distance,  to  other 
magnets  or  bodies,  and  may  lie  exerting  part  of  its  force  on  them, 
BO  Bs  to  make  the  distribution  of  its  power  very  irjcgultu*  as 
compared  Id  the  case  of  the  independent  bar  (3U84.),  or  may 
have  an  irrcguhir  or  contorted  sliape,  even  up  to  the  horseshoe 
form.  It  19  evideut,  iudetd,  that  if  a  wire  hare  one  of  its  cuds 
applied  to  nay  point  on  the  surface  of  a  maguctj  and  the  other 


342 


On  Hae»  of  magMiie  force.     [Seribs  XXVIII. 


end  to  a  point  in  t1>c  magnetic  equator,  and  the  latter  be  slipfwd 
oncci  rouuJ  tlie  mni^etic  cqaator,  and  tlie  loop  of  vire  be 
ni»dc  to  pass  over  either  pole,  so  as  at  la»t  to  rcaumc  its  first 
position,  it  will  in  the  course  of  it«  journey  have  )ntcncct«l  once 
every  line  of  force  bBlonging  to  tbe  niagneL 

31IW.  A  wire  from  |Kile  to  pole  wLich  pames  close  to  the 
equator,  of  course  iutcrsecu  half  the  external  Iiucs  of  force  in  a 
great  plane,  twice,  in  opposite  directions  as  regards  the  polarity ; 
and}  therefore,  when  revolved  round  the  ma^et,  has  no  electric 
current  induccU  in  it.     If  it  do  not  touch  nt  the  ctjuator,  still, 
whatever  lines  it  interaects,  are  twice  intenected,  and  so  the  ttnrae 
eqitilibrinm  is  pivscr^'cd.     If  the  magnet  rutatr  iinilcr  the  wire, 
it  seta  the  part  of  the  central  rotating  wire  already  referred  to 
(3095.) ;  or  if  any  course  for  the  electric  current  other  thaji  a 
ri};ht  line  t«  assumed  in  it,  that  course  is  subject  to  the  law  of 
neutrality  above  stated,  as  will  he  seen  by  reference  to  the  in- 
ternal cuuditiou  of  the  magnet  itaelf  (3I17.)<     Hence  the  reason 
whv  no  currents  arc  produced,  ojider  any  cireomBtanoes  of  motion, 
by  the  application  of  such  conducting  circuita  to  the  magnet.     I 
Boaj  further  observe,  in  reference  to  the  intersoction  oS  the  liuM 
of  force,  that  if  a  wire  ring,  a  little  larger  in  diameter  than  the 
magnci,  be  held  edgevays  at  one  of  the  poles,  so  that  the  lines 
of  force  there  shall  be  in  its  plaite,  and  be  then  turned  90°  and 
carried  over  the  pole  to  the  equator  (3088.),  it  will  intersect 
oner  all  tlic  lines  of  the  magnet,  except  the  very  few  which  will 
remain  tin  intersected  at  tlie  equator. 

3103.  Whilst  endeavouring  to  establish  experimentally  tho 
(le6aitc  amount  of  the  jiower  represented  by  the  liart  of  force, 
it  is  Ticcicssaiy  to  take  certain  precautious,  or  the  rcsulta  will  lie 
ill  error.  Yoe  instance,  ten  revolutions  of  tlie  wire  about  the 
magnet,  or  of  the  magnet  within  the  fixed  wire  (3097.) ,  ought  to 
give  a  eon^tiuit  deflection  at  the  galvanometer,  and  yet  without 
ouy  ohange  in  the  position  of  the  wire  tlie  results  may  at  different 
times  differ  very  much  from  each  other;  being  at  one  time  9*, 
and  at  another  only  4"  or  5".  I  fimnd  this  to  be  due  to  diflcronce 
of  velocity  within  certain  limits, ond  to  beexploinodand  guarded 
ngainst  as  fuUowa. 

SIO-l,  If  a  wire  movw  across  lines  of  force  bIowIv,  a  feeble 
electric  current  in  produced  iu  it,  eoutinniug  fur  tlic  time  uf  the 
motion}  if  it  move  across  the  aauie  lines  quickly,  a  struuger 
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current  19  proiluceil  for  a  Bhorter  time.  The  effect  of  the  curreat 
wliicli  duHects  a  galvanometer  needlt*,  w  opposed  by  the  actiou 
of  tUc  i:arth,  whiuli  tcoda  to  icturu  the  nt:edlc  to  zero.  A  cou- 
tiuuoiia  wcJik  current,  therefore,  cauiiot  deflect  it  ik>  fiir  aa  a 
oontinuouB  stronger  curretit.  If  tLc  carreut«  be  limited  iu  dura- 
tion, tbc  same  effect  will  occur  unlcfis  the  time  of  the  svring  of 
the  ucedlu  to  ouc  side  be  not  c-oimtdcnibly  tuurc  tlmn  tlie  timo 
of  either  of  the  currcots.  If  the  time  of  the  uccdle-swin^  be  ten, 
and  the  time  (rftcn  quick  rotations  be  six,  then  nil  the  effect  of 
the  induced  current  is  c\ertcd  in  ovinging  the  needle;  but  if 
the  time  of  ten  slow  rotations  be  twclrc  or  fifteen,  then  part  of 
the  eun-ent  produced  is  not  i^cogniiwd  by  the  extent  of  the 
vibration,  but  only  by  its  holding  the  needle  out  awhile,  at  the 
extremity  of  a  smaller  arc  of  declinutiou.  Thcrt^forc,  when  quick 
and  slow  Telocity  van  com|iiLrcd,  and  indued,  in  every  cane  of 
comparative  rotations  of  the  virc  and  magnet,  only  that  numl)cf 
of  rotAtiuiiB  VOB  taken  whieb  could  be  well  included  vithin  the 
time  of  tbc  uewlle's  jouruey  to  oue  side ; — when  the  needle,  there- 
fore, was  seen  to  travel  on  to  its  extreme  distance  after  the  rota- 
tiouand  the  inducing  currents  had  cetmcd.  If  the  needle  began  to 
return  the  iustant  the  motion  was  over,  such  an  expcrimeat  waa 
rejected  for  purposes  of  comiiftrison.  When  these  prccautioug 
were  attended  to,  and  veltjcities  of  revolution  taken,  which  oeea- 
pied  time«  from  one-third  to  thn-e-fourthii  of  that  required  for 
the  Bviug  of  tbc  uoedlc,  when  the  same  uuniher  of  revolutions 
(ten)  gave  the  same  amount  of  deflection,  namely,  y^"5,  with  my 
apparatni),  though  the  time  of  revolution  varied  ax  1  :  2,  or  even 
in  a  liiglier  degree. 

3105.  Another  cause  of  difference  prodnced  by  varying  vdo- 
citT,  is  the  diminutitm  uf  the  action  of  the  current  on  the  needle^ 
u  the  angle  which  the  latter  forms  with  the  convolutions  of  tbc 
coil  increase*.  Hence  a  constant  current  prodnces  more  effect 
on  the  deflection  of  the  needle  for  the  first  momviit.s  of  time  than 
afterwanU,  This  eflect,  however,  vua  scarcely  sensible  for 
swinging  deflections  of  l/^or  10°,  produced  by  currcuts  which 
were  over  before  the  needle  had  moved  through  i°  or  5°. 

3106.  It  htm  already  been  shown,  that  it  \»  a  matter  of  indif- 
ference whether  the  wire  revolve  iu  one  direction  or  the  magnet 
in  tlie  other  (3091.) ;  and  this  is  still  further  proved  by  the  caaetil 
where  the  magnet  and  the  wire  rcrolvc  together  (3002.) ;  for  then 
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the  carrents  which  tend  to  fonn  sre  exactlj  equal  and  op[i 
to  each  other,  whatcrer  the  position  of  the  vire  may  be.  A* 
the  immobility  of  the  needle  is  a  point  more  cnaily  asccrtainod 
thau  the  extent  of  an  arc,  iiidicatcd  onlj  fur  a  mumcat,  aad  as 
the  rotations  of  the  magnet  and  wire  conjointly  can  be  mode 
rapid  and  continuous,  the  proof  in  such  caw*  is  very  satistactory. 

3107.  Proceeding  to  experiment  upon  tUc  effect  of  tlic  dutaace 
of  the  virc  e,  Bg.  II,  Ixom  the 
magnet,  the  vire  wa»  made  to 
vary,  ko  that  sometimes  it  wax  not 
more  tlrnu  8  iuchcs  long  (being  of 
copper  ami  OOt  of  an  inch  in  dia- 
meter), and  only  half  an  inch  From 
the  ntfl^et,  whilst  at  other  time* 
it  Via  0  or  8  feet  long  and  extended  to  a  great  distance.  The 
deflection  due  to  ten  rerolutiona  of  the  magnet  -was  ob«cr>-cd,  and 
thf  nvrra^r  of  several  ohservutions,  for  each  position  of  tKc  wire, 
taken  :  tliese  were  vcr>'  cIomt  (with  the  prccautiona  before  du- 
acrihed)  for  the  same  poaition ;  and  the  averages  for  different 
pusitiotiH  agreed  [>erfeft!y  together,  being  fl'S.  I  ouileaToured 
to  ivpf^ut  these  experimentK  on  distance  by  moving  the  wire  and 
presemng  the  magnet  stationary  in  the  manner  before  described 
(3UD1 .) ;  they  were  not  so  striking  berauac  time  would  only  allow 
of  amallec  deflections  being  obtnined  (3104),  bnt  the  same  muu- 
bcr  of  Journeys  tlirongh  an  arc  of  18u"  garc  the  name  deflection 
at  the  galvanometer,  wliclUcr  the  course  of  the  wire  was  cIom:  to 
the  magnet  or  far  off  ;  and  tbe  deflection  agreed  with  those  ob- 
tained u'ben  the  msguct  wan  rotating  and  tbe  wire  at  rest, 

310W.  As  to  veiocUtj  of  motion  ;  when  the  magnet  was  rotating 
and  tbe  wire  placed  at  itiffertmt  distances,  then  ten  revolutions 
of  the  niii^iet  pnxlurcd  the  same  deflc4rtioti  of  tlic  needle,  whether 
the  motion  wax  ijuickcr  or  alotner,  and  whatever  the  distance  of 
the  wire,  provided  the  precautious  before  described  were  attended 
to  (yi04.)  ■  That  the  same  would  be  true  if  the  wire  were  moviug 
aad  the  magnet  still,  is  shouu  by  this;  that  whatever  the  velo>, 
city  with  which  the  wire  and  magnet  revolve  together,  and  wliat 
ever  their  distance  apart,  they  exactly  neutralize  and  equal  each' 

other  (3OU0-)- 

3109.  From  thc«c  results  the  following  conclusiona  may  be 
dninn.     The  amtnml  of  magtictie  force,  as  sbowu  by  its  effect  in 
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evDlviug  electric  curreuts,  b  determmate  for  tlie  eame  liues  of 
force,  n-Uatcrcr  the  distance  of  tlio  point  or  plane,  at  which  their 
powt>ri8  exerted,  \%  from  the  magnet.  Or  it  it>  the  sunic  in  ^ay. 
two,  or  more,  sections  of  llie  same  lines  of  force,  whatever  tUeif' 
form  flf  thoir  distance  from  the  scat  of  the  power  tnajr  be.  This 
i»  showu  by  the  results  with  the  inagnct  and  the  wire,  when 
both  arc  iu  the  circuit  (310H.} ;  and  also  by  the  wire  loop  revol- 
ving with  the  magnet  (3()9^-) ;  where  the  tendency  of  ciurents 
to  form  iu  the  two  parts  oppose  and  exactly  ueutralixe  or  oom> 
peujiatc  each  other. 

81 10.  In  the  latter  case  very  varying  sections  ontaidc  of  the 
ma^et  may  be  compared  to  each  other;  thua,  the  wire  may  he 
conceived  of  as  passing  (or  he  actiinlly  formed  so  as  to  intersect) 
Unea  of  force  near  the  pole,  and  then,  being  continued  along  a 
line  of  force  until  over  the  (Equator,  may  he  directed  ko  as  to 
intersect  the  Home  lines  of  force  iu  the  coutrarj'  direction,  and 
theu  return  along  a  line  of  force  to  Its  commencement;  and  80 1 
two  surface  sections  may  bo  compared.  It  ia  manifest  thot  every 
loop  forming  a  complete  circuit,  which  is  in  a  great  plane  passing 
through  the  axis  of  the  mapict,  munt  have  precisely  the 
liucs  of  force  pawning  into  and  passing  out  of  it,  though  they  mayi" 
BO  to  say,  he  expanded  in  one  part  and  coinprCMcd  in  another; 
or  (speaking  in  the  language  of  radiation)  lie  more  inteURC  in  one 
part  and  less  intense  iu  the  otlicr.  It  is  also  a.s  innuifcst,  that, 
if  the  loop  be  not  in  one  plane,  stitl,  on  making  one  eotupiete 
revolution,  either  with  or  without  the  magnet,  il  will  liave  inter- 
Mcted  in  its  two  opposite  parts  an  exactly  equal  amount  of  lines 
of  force.  Ilcnee  tlic  comparison  of  any  one  Bbction  of  a  given 
amouut  of  lines  of  force  with  any  other  section  is  rendered, 
experimentally,  very  cxteiinivc. 

81 11.  Sueb  rcHuIls  prove,  that,  under  thucireumstauces,  there 
ia  uo  lose,  or  destruction,  or  evaneaceuce,  or  latent  »tatc  of  the 
magnetic  power  by  ilistauee. 

8112.  Also  that  eonvergeuce  or  divergence  of  the  lines  a£| 
force  causes  no  difference  iu  their  amount. 

3113.  That  obliquity  of  internection  causes  no  difference.  It 
is  easy  so  to  shape  the  loop  (3110),  that  it  shall  intersect  the 
line*  of  force  directly  across  at  both  places  of  iiitcrscntion,  or 
direetly  at  one  and  obliquely  at  the  other,  or  obliquely  in  any 
degree  at  both;  and  yet  the  result  is  always  the  same  (3093.). 
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8114.  tt  is  also  evident,  by  the  reaulu  of  Uie  rotation  of  the  virc 
and  mtignet  (3097.  S106.),  that  when  a  wire  is  moving  unongBt 
equal  lines  (or  in  a  field  of  oiiial  magnetic  force),  aiid  irith  an 
uniform  motion,  tJicn  the  current  uf  clct-tncit}'  produced  i»  pro- 
portionate Co  the  time ;  and  also  to  the  veJodty  of  motion. 

81  IS.  They  also  prove,  generaltj-,  that  the  quantity  of  elec- 
tricity thrown  into  a  current  i»  directly  aa  the  amount  of  curves 
iutcnioctcd. 


SUB.  In  addition  to  these  results,  thix  method  of  inrcntiga* 
tion  gives  much  insight  into  the  iutcrual  condition  of  the  tnugoct, 
and  the  manner  in  whii-h  the  linen  of  force  (which  repreecnt 
truly  all  that  wc  are  acqimiutcd  with  of  the  peculiar  action  of  tli« 
magnet)  cither  terminate  at  its  exterior,  or  at  any  assumed  {Kjinbi, 
to  I>e  called  pole» ;  or  arc  continued  and  disposed  of  within.  For 
this  purpose,  Let  ue  coDsidcr  the  external  loop  (3093.)  of  fig.  5. 
Whcu  revolving  with  the  magnet  no  current  is  produced,  hccaosft^ 
tlie  lines  of  force  whieh  are  intersected  on  the  one  jiart,  are  again' 
intemectcd  in  an  opposing  direction  ou  the  other  (3110.).  Dut  if 
one  part  uf  the  loop  be  taken  down  the  axis  of  the  magnet,  and 
the  wire  tlicn  pass  out  at  the  equator  (ti091.),  etill  the  some 
absence  of  effect  i.i  produced ;  and  yet  it  is  c^-ident  that,  external 
to  the  magnet,  every  part  of  the  wire  passes  through  linv«  of 
force,  which  conspire  together  to  produce  a  current ;  for  all  the 
exterual  Unea  of  force  arc  then  iutcncctod  hy  that  wire  in  one 
rcvotutioa  (3101.).  Wc  must  therefore  look  to  the  part  of  t[»e 
wire  within  the  magnet,  for  a  power  equal  to  that  capable  of 
being  cierted  externally,  and  wc  fiud  it  in  that  small  portion 
which  represents  a  radius  at  the  ccutrul  and  e:quatorial  parts. 
When,  in  fact,  the  axial  part  of  the  wire  was  rotated  it  produced 
uo  eBect  (3095.);  when  the  axial,  the  inner  radial,  and  the  ex-, 
tcmal  parts  were  revolved  together,  they  produced  no  effect  j 
-when  the  external  wire  ah]ne  was  revolved,  direcity,  it  produced 
ft  current  (3001.);  and  when  the  iotemal  radius  wire  atone 
(l)eing  insulated  from  the  magnet)  revolve*!,  directly,  it  also  pro- 
duced a  cnrrcut  (3095.  3098.)  ia  the  contrary  direction  to  the 
former;  and  Uio  two  were  exactly  equal  in  power;  for  v?hon 
both  portions  of  the  wire  moved  together  directlj/,  they  perfectly 
compensated  each  other  (3005.).  Thia  radius  wire  may  be  n>- 
placcil  hy  the  mi^piet  itwlf  <300€.  3118.). 
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8117.  So,  by  tfaiB  test  tbere  exists  lioee  of  force  vithin  the 
magnet  of  the  &anie  nalwre  as  those  without.  What  is  more, 
thcT  are  exactly  cqusU  lu  ataount  to  tlioae  witlioiit.  They  hnve 
a  relation  iadireelion  to  those  without ;  and  in  fn^'t  arecontinua- 
tions  of  them,  ab^ohitcly  unchangrd  in  thirir  aaturc,  bo  &r  b» 
the  rxpcriinciital  teat  can  hf  applii-d  to  tticm.  Even-  line  of 
force  therefore,  at  whatever  dietuDce  it  may  be  tnkcu  from  the 
magnet,  muM  be  considered  as  a  eluaod  circuit,  pnesiug  lu  some 
{mrt  of  its  coiinie  through  the  niagiiet,  anil  haviDg  an  equal 
aniouut  of  force  iu  eyery  part  of  its  course. 

3118.  When  the  axial  part  of  the  mrc  is  dinmisscd  and  the 
magnet  employed  in  its  place,  eo  as  to  be  included  in  the  circuit, 
it  is  easy  to  see  how  it  acts  the  part  of  tlie  eondiwtor.  For 
atippose  the  wire  itself  to  be  continued  from  N  to  b,  fig.  12,  hj 
any  of  the  three  pHths  indicated  by 
dotted  lines,  the  effect  is  the  ttaine  ia  ^-  '^■ 

all  the  cases,   both    by   exitcriment 
(8098.)   and    by  principle     (3100.). 
For  whatwcr  the  form  of  the  pftth,*^ 
it  will   in   one   revolution    inteiMtct 

the  same  amount  of  lines  of  foi-cc  wttliin  the  ma^ct,  ag  are 
intersected  in  the  contrary  direction  by  the  part  of  Uie  wire 
outaide  the  magnet ;  and  when  the  magnet  ia  employed  to  com- 
plete the  circuit  in  place  of  the  iutemal  wire,  then  its  eulwtanoe 
produces  precisely  the  same  result ;  for  direction  and  every  other 
circumstance  which  influcucea  the  result  remain.*  the  same  :  one 
conductor  haa  simply  been  substituted  for  another.  The  great 
moss  of  the  magnet  might  be  anppoftcd  able  to  do  something 
more  than  the  thin  wire,  but  the  rL-ason  why  it  onlyeqiinlH  it  in 
effect  will  be  seen  hereafter  [SI37.).  And  an  the  axial  wire,  in 
revolving,  does  nothing  but  conduct  (3095.),  all  the  effect 
being  produced  by  that  part  whicrh  reprcscnta  a  radius  be- 
tween the  axis  and  the  equator  (.3098.) ;  so  the  magnet,  re- 
icTolving  as  a  cylinder,  is  br  to  its  mass  like  the  revolTing  wire ; 
with  the  exception  of  so  much  of  it  as  rcpreseutii  a  radius  con- 
necting together  the  two  poiuts  at  the  pole  or  axis  and  at  the 
equator,  where  communication  with  the  wire  is  completed.  As 
was  shown  louj?  ago  (^20.),  if  a  cylinder  magnet  be  revolved, 
and  the  ends  of  the  galvanometer  wires  n  c  be  applied  to  the 
extremities  of  its  axis,  uocurrent  is  evolved ;  but  if  a  be  appHed 
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to  one  endj  it  mattera  uot  nliicli,  and  c  be  applied  at  tbc  equator 
or  any  oihet  part  on  the  surface  of  the  cyliodcr,  a  current  idtra^s 
in  the  same  dimctiaa  for  the  Bamo  rotation  will  be  pmdnccd, 

D 1 1 0.  Furtbcr  to  prort  thtse  jioiuts,  tbc  ina^^uctH  vcrc  cat  in 
half  through  the  equatorial  ploiiej  and  then  either  a  disc  of 
oo]ip(:r  placed  there,  or  a  wire  radiiui  ouly,  or  the  magnets 
brought  together  agaiu  :  and  these  llirec  amtugcmeQtH  were  uxcd 
in.  ftucceeaioQ  to  complete  tbc  circuit  from  tbc  axial  irire  (3095.) 
to  a  fixed  wire  at  the  surface  of  the  equator.  'Whichever  was 
employed  the  eiirrent  prodnctxl  was  the  «ame,  both  in  direction 
and  amount.  If  the  oyliiidermagnet  ahove  dewribed  (3118.) 
be  terminated  at  the  ends  by  attached  discs  of  silver  or  copper, 
the  wires  appUcd  to  their  Burfaces,  ua  they  rcvolre  with  the 
moKDCt,  produce  precisely  the  same  currents  as  to  direction  as 
if  applied  to  the  aurface  of  the  magnet  itself  (318.  219). 

3120.  In  this  strikiug  disposition  of  the  forces  of  a  magnet, 
&B  exhibited  by  the  moving  wire,  it  exactly  resembles  an  eleeiro- 
magiictic  hcLix,  both  as  to  the  dirciitiun  of  tbc  lines  of  force  iu 
closed  circuits,  and  in  their  equal  sura  n-ithin  and  without.  No 
doubt,  the  magnet  is  the  must  iLeterugeiK-oiii)  in  it»  nature,  1>ctug, 
compo«'d,  as  wc  arc  well-aware,  of  parts  which  di&ur  much  in. 
the  degree  of  their  magnetic  development ;  so  much  to,  that  »omc 
of  the  internal  portions  appear  frequently  to  act  as  kLu^fieni  or 
HubmHgnclJi  to  the  parta  which  are  further  from  tbc  centre,  and 
so,  for  the  time,  to  form  complete  circuits,  or  something  equiva- 
lent to  them,  within.  But  these  make  no  part  of  the  re«ultant, 
of  force  externally,  and  it  is  only  tliat  rcsiiltaut  which  is  sctwible  ^ 
to  ua  iu  any  way  ;  either  by  the  action  on  a  needle,  or  other 
UBguets,  or  soft  iron,  or  the  oioriag  wire.  So  al»o  the  jwwcr 
irfaioh  is  manifest  within  the  magnet  by  its  effect  on  the  moving 
mass,  i«  still  only  that  name  rexultaut;  being  equal  to,  and  by 
polarity  and  other  qualities,  identical  with  it.  No  doubt,  tliere 
arc  ca-scN,  as  upon  tbc  approach  of  u  keeper  to  the  poles,  or  the 
approximation  of  other  uiugiiets,  cither  iii  favourable  or  adverse 
pOBiti<ins  when  more  citcrual  force  is  developed,  or  it  may  be  a 
portion  apparently  thrown  inwards  and  so  the  cxtcnial  force 
diminished.  But  iii  thtfse  ea^es,  that  which  remains  externally 
cxisteut,  oorrettponds  precJiM^ly  to  that  which  is  thu  resultant 
internally ;  for  when  cither  the  same,  or  contrary  poles,  of  a 
IH)Wcrful  horsc&hoc  magnet  were  placed  within  an  inch  and  a 
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half  of  the  polw  of  the  bar-magnets,  prepared  to  rotate  with  the 
atLtehed  wires  (3092.),  as  Iieforedcscrtbcd,  still,  upoatlicir  rcro- 
hiliun,  not  the  slightest  ai:tion  at  the  galvanomrtcr  was  pcrceiYed  } 
the  forces  within  the  tusguct  uud  Uiuse  withuut  perfectly  oom> 
pcnsatioft  each  other. 

3121.  The  definite  character  of  the  forces  of  an  inTarinWe 
magnet,  at  whatever  distaucc  thej  arc  obKervetl  from  tlic  magnet, 
lias  bceu  already  insisted  upon  (3109.).  How  much  mum  stri- 
kingly does  that  point  come  forth  now,  that,  being  able  to  observe 
within  the  magnet,  wc  tind  the  same  definite  character  there; 
every  section  of  the  forces,  whether  within  or  without  the  magnet, 
being  exactly  of  the  same  amount !  The  power  of  a  ma^ict  may 
therefore  he  eaailjr  repreacuted  by  the  effects  of  an^  iiection  of 
its  lines  of  force ;  and  aa  the  curreuts  induced  by  two  diflbrent 
ma^uettt  niaj  easily  be  conducted  throui^h  one  wire,  or  l>c,  ia 
Other  ways,  compared  to  each  other,  so  facilitioB  may  thus  aiige. 
for  the  cstubliKhment  of  isCandards  amongst  magnets. 

3122.  On  the  other  hand,  the  use  of  the  idea  of  Hnetofforee^ 
which  T  recommend,  to  represent  the  true  ami  real  ma^ctic 
forces,  makes  it  rcrj- desirable  that  weehoiild  Hud  auuit  of  ouch 
force,  if  it  can  Ijc  attainable,  by  any  experimental  nrrangcmcnt, 
just  08  one  desires  to  have  a  unit  for  rays  of  light  or  heat.  It 
does  not  seem  to  me  improbable  that  further  research  will  mipply 
the  menus  of  catahlisliing  a  standard  of  this  kiud.  lu  the  mean 
time,  for  the  enlargement  of  the  utility  of  the  idea  in  relation  to 
the  magnetic  force,  ami  to  indicate  it«  conditions  graphically, 

rttfty  be  employed  as  repnscnting  these  units  in  any  given 
I  have  so  employed  them  iu  former  aeries  of  these  Re- 
TiRarchea  (2807.  2821.  2831.  287'4.  &c.),  where  the  dirceliou  of 
the  line  of  force  is  shown  at  once,  and  the  relative  amomit  of 
force,  or  of  lines  of  force  in  a  given  apace,  indicated  by  their 
oonccntmtiou  or  separation,  i.  e.  by  their  number  in  that  space. 
Such  a  use  of  unit  lines  involves,  I  beliere,  no  error  cither  in 
the  direction  of  the  polarity  or  in  the  amount  of  force  indicated 
at  any  given  spot  included  in  the  diagrams. 


3123.  Tlic  curreuts  produced  in  wires,  when  they  cross  lines 
of  magnetic  force,  are  so  feeble  iu  intensity  (though  ahniidnut 
enough  in  quautily,  as  many  rcsulu  show),  that  a  fine  wire 
galvanometer  must  of  necessity  offer  great  obNtniclion  to  tlicir 
passage.    Therefore,  before  entering  upon  farther  experimental 


350 


On  tinea  of  magnetic  force.     [SEBiea  XXVllI. 


inquirica,  I  had  another  galvanometer  constracted,  in  which  the 
needles  belonging  to  th»t  made  hy  Rhutnkorif  vcre  emplojodt 
but  the  coil  was  replaced  by  &  single  convolution  of  verr  stout 
wire.  The  viro  wm  of  copper,  0'2  of  nn  iiieli  in  diameter.  It 
pasflCil  horizontally  uader  the  tower  nn^le,  tbeu,  aa  nearly  as  < 
might  be,  between  that  and  the  upper  needle,  orer  the  upper,  and 
then  again  bclweL-n  that  and  the  lower  need)e>  fig.  13,  and  was 
afterwards  attached  to  the  stand,  and 
continued  fur  19  or  20  feet  outside  of  Kg.  la- 

the glaaa  cover.     Such   a   wire  had  .. 

abundant    conducting     power ;     and  I 

though  it  passed  but  once  round  each      T 

needle,  gave  n  deflection  many  times    f, —       i 
prpater  than  that  bclonjfing  to  the  for-     V^'  ~~  ~~ 

mcT  galvanometer.     Thu«  when  the    V* 
ends  of  the  nineteen  feet  of  wire  were 
soldered  together,  so  as  to  form  one 
loop  or  circuit,  tbc  passage  of  the  wire  once  FSg.  14. 

between  the  poles  of  aborscshoomagnct  (312-1.}, 
canscd  a  deflection,  or  rntlicr  swing  of  the 
needle  of  above  90°.  1  have  had  a  more  per- 
fect instrument,  of  the  same  kind,  conatructed, 
in  which  the  conducting  cfjil  was  cut  out  of 
platc»  of  copper,  so  aa  to  form  n  square  band 
0'2  of  an  inch  in  thickneiu,  which  passed  twice 
round  the  vibration  piano  of  each  nee<Ue,  aa 
repreeentcd,  fig.  Ik  The  length  of  metal 
around  the  needles  was  S4  iiichca,  and  the  galranometer  mm 
very  sensitive,  but  the  experiments  to  be  described  were  made 
chiefly  with  the  former  inRtniment. 

3121.  It  was  necciutary,  first  to  ascertain  the  effect  of  certain 
drcumatances  upon  this  simple  galvanometer,  as  to  their  modi- 
ftcation  of  its  indications.  The  magnet  to  be  used  was  a  com- 
pound horseshoe  instrument,  weijjh- 
ing  10  lbs.,  and  able  to  support  40  lbs.  ^S-  ^^ 

by  the  keeper  or  suUmagnet.  It  m 
Home  yean  aince  it  was  ma^etixcd, 
and  it  is  therefore,  probably,  in  a 
nearly  constant  state  as  to  power. 
The  pole*  have  the  form  delimited, 
fig.  15.    ThcJx  distance  apart  is  1-375  inch,  and  the  distance 
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downwimU,  from  their  «ommJt  to  the  bottom  or  cqnntor  of  the 
BOa^nct,  in  8'5  inche*.  The  galvanorapter  ntood  in  the  prolonga- 
tion of  the  magnetic  axis,  ■'.  r.  the  lint;  from  pole  to  pole,  and 
whether  it  were  G  or  only  3  feet  distant,  wna  hanlly  at  all  affcctod 
in  the  time  of  its  vibration,  being  adjusted  so  nearly  astatic  as 
to  rc([uirc  nbont  ten  seconds  to  swing  to  the  right  or  to  the  led. 

3125.  On  passing  the  wire  acroiw  the  magnetic  field,  as  jnst 
described  (8123.),  hut  with  different  relocitics,  effects  different 
in  degree  were  otrtaiucd  at  the  galranomctcr,  for  the  rrasona 
formerly  given  <3104.  3106.).  The  quickest  velocity  gave  the 
greatest  result,  etjual  at  times  to  1 1(1°,  whiUt  a  very  slow  motion 
gave  only  30*  or  40^.  Still  with  moderately  quick  velocities  the 
effects  were  nearly  alike,  and  by  operating  with  the  name  velo- 
city,  and  taking  the  average  of  several  obscnratioDn,  a  very 
uniform  reault  could  be  obtained. 

3126.  On  cutting  the  wire  across,  and  then  putting  the  ends 
together  in  various  ways,  it  was  fouiid  that  great  cure  was  retjui- 
litc  in  making  contact,  in  this  or  in  similar  casea.  Thus,  to 
prea  the  ends  lightly  together  was  not  sufficient;  they  re- 
quired to  Imj  well  and  recently  cleaned  and  pressed  closely  into 
contact.  Junctions  effected  by  soldering  or  dipping  into  oupa 
of  mercury  were  still  better,  when  made  with  care,  and  were 
employed  at  the  galvanometer  and  elsewhere  as  often  as  possible. 

3iy7-  To  aserrtain  generally  the  olwtruction  cnused  by  the 
interposition  of  thiu  wires,  28  inches  of  copper  wire,  0'0t&  of  ao 
inch  in  diameter,  was  introduced  into  the  circuit  at  a  part  away 
from  the  magnet,  with  oxceHent  junctions.  The  oscillation  or 
swing,  which  before  was  140*  or  more,  was  now  reduced  to  40°. 
On  tnkingont  the  wire  and  replacing  it  l>y  anotlirr,  altwof  copper, 
bat  only  ID'S  inclica  in  length,  and  0*0135  in  diameter,  the  de- 
flection was  redncwl  to  7°  or  8°. 

3128.  For  a  rough  comparison  of  the  power  of  this  magnet 
aud  the  former  bar  magnets  (3083.) ,  by  the  present  gidvanometcr, 
the  thick  wire  was  bent  into  a  loop  {3086.),  and  the  two  bar 
magnets,  with  like  ends  together,  passed  quickly  through  it  up 
to  the  equatorial  part;  the  deflection  was  about  30°.  Such  a 
passage  intersected  nearly  all  the  lines  of  force  of  the  bar  mag- 
net»-  A  similar  motion  of  the  magnets  close  to,  but  outside  oC, 
the  loop,  produced  no  effect  at  the  galvanometer. 

3129.  In  respect  of  the  alteration  of  the  lines  of  force,  cither 
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in  position  or  iu  total  amotuit,  by  bringing  the  poles  of  tbo 
liorseahoe  magaet  (3124.)  mucli  nearer  together,  the  ruHowiag 
cxpcrioicutA  were  made.  The  diauuce  between  the  poles  is 
1*375  inch  ;  by  placing  a  cube  of  soft  iron,  0*8  of  ao  inch  in  the 
siilr,  within  this  space,  it  was  diminighcd  to  0'675,  and  thus,  rir- 
1utk.Hyj  the  diatoucc  apart  much  Icsscacd,  and,  u  wu  aflcrvarda 
shotm  eitpcrinientaHy  (3130.),  the  external  power  of  the  magnet 
conrnntraled  thtre.  Then,  nhiliit  the  cube  waa  in  place,  the 
thick  wire  of  OS  of  an  inch  in  diameter,  wa»  arnuiged  so  aa  to 
paM  across  the  magnetic  axis  or  place  of  stroDgcat  action,  and 
fixed  ;  after  which  the  iron  ctihe  was  alternately  rcmoTed  and 
again  restored,  aud  the  cfl'eeta  obavrvcd.  Fecljle  c-leetric  comnts 
were  produced  st  these  timet ;  but  whether  the  cube  waa  put 
into  its  place  from  below,  or  above  or  the  sides,  the  current  pro* 
ducu)  WHS  uln&\'«  in  the  Kamc  direction;  and  wlicu  it  woa  re* 
moved  the  cnrrent  prodnced  was  in  the  reverse  direction.  If 
the  cube  was  carried  up  to,  by,  aud  away  from,  the  ma^ctic 
axis  in  one  motion,  then  there  waa  no  effect  at  the  galpanomctcr. 
On  the  other  h»nd,  when  the  wire  was  carried  across  tlic  mag- 
netic field  as  described  (3123.),  bo  as  to  intersect  ail  the  lines  of 
force  in  one  moment,  aod  sum  up  their  power  at  the  galrano- 
meter,  then  there  was  no  diflcreuce  in  the  result,  whether  the 
iron  cube  was  in  its  place  or  not;  ahowing,  as  far  as  this  appa- 
ratus could  indicate,  that  the  sum  of  power  in  the  section  of  %U 
the  lines  of  fon-e  external  to  the  muf^ct,  was  the  same  under 
both  circumstances,  though  the  diathbation  of  it  was  different. 

3130.  The  very  action  produced  by  the  cube,  when  in  and 
out  of  place  (3129.),  upon  the  forces  which  affected  the  stationary 
wire,  was  a  proof  of  the  difference  of  distribiitioji  at  diiTcrBut 
times. 

3131.  A  block  of  bismuth,  employed  in  place  of  the  iron  cube, 
had  no  sensible  effect  uj^n  Ute  wire  whether  it  were  still  or 
moving. 

S132.  This  galvanometer  was  first  employed  for  a  repetition 
of  all  the  former  experiments  with  the  bar  magnets  (3091.  &c.). 
The  results  were  absolutely  the  same,  except  that  the  amount  of 
the  deviation  produced,  when  deviation  was  a  rcstJt,  was  larger 
than  in  the  former  eases. 

3133.  For  the  comparison  of  different  tliidutessea  of  the  suno 
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metal,  I  took  copper  wires  in  lengtlia  of  10*5  inches,  and  different 
dismetcni,  and  bcodiug  tbem  into  luops  of  a  fonn  and  size  Mich 
as  wotilil  admit  them  to  pass  with  Tai^ilily  uvcr  a  polu  ol'  the 
horseshoe  magnet,  soldered  them  to  the  cuds  of  two  conducting 
rods,  made  of  copper  wire  0*2  of  an  inch  in  diameter  and  95* 
inches  in  length  each,  which  ucrc  fixed  on  opposite  sides  of  a 
narrow  slip  of  wood.     The  whole  arrangement  m  s«ca  in  lig.  16; 


Kg.  16. 
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the  termiuatious  a  b  dip  into  the  mercurial  cups  of  the  galvano- 
meter, the  parts  at  e  arr  brought  so  close  together  as  to  touch, 
except  for  the  intcrrcntiou  of  a  piece  of  card,  and  thus  the  parts 
from  eioab  arc  thrown  out  of  action,  except  as  mere  conduclora, 
whilst  the  loopj  being  made  to  descend  ovrr  one  magnetic  pole, 
intersects  very  nearly  the  whole  of  the  magnetic  curves^  and 
always  the  same  proportion. 

3134>  The  former  magnet  was  too  powerful  for  com|)arntivc 
experiments,  therefore  a  smaller  one  was  employed,  consisting 
of  five  plates,  weighing  v.  lbs,,  and  able  to  carry  21  lbs.  easily  at 
the  keeper.  The  poles  were  1'2  inch  apart  and  an  inch  thick 
each,  in  the  direction  of  the  magnetic  axis.  If  lens  mtignetic 
Kpower  were  required,  an  adju»tnicnt  was  easily  made,  hy  apply- 
'  tag  the  keeper  to  the  side  upon  both  limbs,  the  magnetic  com- 
muaication  being  effected  either  nearer  to  the  poles,  or  nearer 
■to  llic  equator  or  bend,  as  less  or  more  power  was  required. 
The  descent  of  th«  loop  between  the  poles  is  then  best  regidated 
by  causing  the  conductor  wires  to  hear  ultimately  ng'uinst  a 
Btopplng-btock. 

3135.  The  effect  of  a  quick  and  a  slow  motion  was  found  to 
he  the  game  a«  before  (3104.3105.].  Such  velocities  as  the  hand 
could  impart  were  very  effectual,  and  gave  results  of  very  con- 
nderahle  uniformity  wbcu  quick  motions  were  employed. 

3136.  Tlirec  differeut  loops  were  compared  together,  consisting 
of  copper  wire,  the  diameters  of  which  were  0'3,  0*1  and  0"05  of 
an  inch,  or»»  4,  2  and  1;  tlieir  sectional  areas  or  masses  tlierc- 
fore  were  as  16,  4  and  1,  Ten  or  twelre  otiservations  were  made 
with  each  loop ;  the  results  were  near  together,  und  tlie  average 

VOL.  111.  !i  A 


854 


Unet  of  magnetic  forca.      [Skriis  XXYIU. 


for  each  loop,  being  the  extent  of  the  swing  dcclinatioa  ou  oqc 
eide  from  zero,  is  as  follows : — 


16-00 
44-40 
57-37 


Copper  wire  of  ^\,\\  of  hq  inch  in  thickness  . 
Copper  wipe  of  ^iW  of  au  inch  in  thickness  . 
Copper  wire  of  i(lh  of  an  inch  in  thickness  .     . 

Now  tliougii  the  thicker  ys'ira  proituccd  the  lat^cst  effect,  the 
rc^ultM  were  evidcnllj  not  at  all  in  proportion  to  the  masses  of 
the  wires;  the  smaller  lm^^Dg  greatly  the  advantage  iu  lliftt 
rc&pBct.  On  the  other  band,  when  four  of  the  Eiunller  wires 
were  placed  side  hj  side,  no  as  to  forni  one  loop  equal  in  maaa 
to  the  second  loop,  it  gare  the  some  result  as  that  loop,  being  of 
the  samo  power. 

S1S7.  The  disproportion  of  the  difference  of  these  three  wire* 
is  evidently  a  consequcuce  of  the  relative  ditfercncc  of  the  mere 
conducting  part  of  the  circuit.  To  compare  accurately  the 
effect  of  the  lines  of  force  on  wirea  of  different  diamctera  monng 
BcroBs  them,  these  diameters  eliould  coDtinuc  to,  and  through 
the  galnmomctcr  (SOa.),  othcnrisc  the  thin  wire  current  has  on 
advantage  given  to  it  in  the  conducting  part,  which  the  thick 
wire  current  has  not.  Hence  the  reason  why  a  thiu  wire  galva- 
nometer, such  as  that  before  described  (3086.),  gives  results 
which  arc  alike,  for  thick  or  thin  wire  loops,  or  for  fasciculi  of 
few  or  many  wires.  To  enlarge  the  comparison,  I  eoldercd  ou 
to  two  pairs  of  conductors,  the  dimcnnons  of  those  described 
(8133.),  two  cylinders  of  copper,  each  5'o  inches  long,  but  one 
waa  only  0*2  of  au  inch  thick  and  the  other  07,  or  twelve  timea 
thcmuB  of  the  first,  fig.  17.    They  were  then  passed  iu  sue- 
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cession  between  the  poles  of  the  magnet,  and  gave  resulta  very 
nearly  alike.  If  there  was  any  difference,  the  effect  was  highest 
with  the  smallcBt  cylinder ;  and  this  may  very  well  be ;  for  as  the 
magnetic  Held  was  not  ec|tial  in  force,  but  most  intense  iu  the 
magnetie  axis,  so  it  is  evident,  that  tthilst  one  part  of  the  large 
Cylinder,  iu  passing  across,  was  at  the  a\is,  other  parts  were  in 
places  of  leu  intense  force  and  action,  and  so  a  return  current 
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may  have  existed  in  them,  which  could  not  occur  to  the  sAme 
extent  in  &  cylinder  litUc  more  than  a  fourth  of  the  diameter  of 
the  former,  and  wliidi,  at  tlic  Bnnie  time,  lind  an  outlet  for  the 
currciiU equal  to  its  ovn  diameter^  through  theconductiug  wires. 
A  simthir  rclatiou  of  mass  occurs  in  the  case  whcic  the  body  of 
the  maKuct  itself  in  revolying,  docii  no  more  than  a  small  radial 
wire  irithin  it  (3118.). 

313S.  Thcinftacnceofthis  lateral  conduction  (3137.), incases 
of  magueto-elecLric  coiiduetiuu,  must  be  well  uuderstood ;  other- 
wise, in  the  applieatiou  of  the  jiriuciplem  to  iuvcjitigatiou,  errors 
trill  frequently  creep  in.  Their  effect  may  be  shown  in  the 
following  inataucCd. — a  loop  of  four  nirea,  0'0J8  of  an  inch  in 
diameter  (3136.),  was  p«sc<l  over  the  pole  oB  the  magnet,  and' 
produced  a  certain  result  of  deflection  or  swing ;  when  the  nires 
were  separated  two  and  two,  so  as  to  be  half  or  three-quarters 
of  an  inch  a|)urt,  and  when,  thcrtifon;,  in  rauving  across  the  mag- 
netic field,  one  pair  went  before  the  others,  the  effect  was  lees, 
for  the  reason  already  given  in  the  case  of  the  copper  cylinder 
(3137.).  "When  tliru-e  wires  were  allowed  to  gu  by  together,  but 
(me  taken  aside  a  couple  df  inches,  the  effect  fell  very  much;  and 
when  that  fourth  one  was  cut  across  to  prevent  the  return  current 
in  it,  the  effect  of  the  three  rose  at  the  galvanometer  very  greatly, 
almost  equalling  the  effect  of  the  four  when  together. 

3139.  A  loop  wasconstraeted  of  sercnty-atx  equal  fine  copper 
wires,  each  IChS  inches  long  and  O0125  of  an  inch  in  diameter, 
and  ita  effect  observed  whcu  more  and  more  of  the  wires  were 
cat  away.  As  it  is  the  comparison  of  the  smaller  numbeia  of 
wires,  one  with  the  other,  that  is  of  most  value,  I  will  give  the 
averages  of  each  number  for  several  obHcrvnttons,  in  the  reverse 
order  in  which  the}'  werc  obtained ;  and  1  introduce  the  results 
with  larger  nnmbcra  of  wires  only  for  the  general  purpose  of 
showing  howthccffrct  passes  into  that  with  the  cylinder  uf  capper 
(313r.)j  the  galvauomcter  conductors  always  being  of  the  same 
length  and  thiekncM. 


1  wire  produced  on  average  swing  of 

2  wires  produced  an  average  swing  of 
8  wires  pn)duced  an  average  suing  of 

4  wires  produced  an  average  swing  of 

5  wires  produced  lui  average  awing  of 
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50-1 

65-1 

80-5 

118-0 


6  wirca  proilaccd  an  average  swing  o£    . 

8  wires  produced  an  arcrajrc  swing  of 
12  vtires  produced  on  average  swing  of  . 
Ifl  wires  protlucL'd  an  average  swing  of 
26  wires  produced  aa  average  swing  of 
3G  aluost  swung  the  ncodle  round. 
46  etrongt^r  than  tbc  last. 
5G  swung  tlie  needle  quite  round. 
66  a  little  stronger. 
76  stronger:  swung  the  needle  freely  round  the  circle. 

Soeli  time  tlint  the  needle  pa-<>sed  1^0°,  it  was  returned,  tlint  the 
torsion  force  niigiit  remain  tlic  same  for  every  case. 

8140.  When  the  loop  of  four  equal  vires  (3130.)  was  employed, 
BO  arranged  that,  in  rc*pect  of  the  pnrt  which  passed  between 
the  poleSj  they  should  hecloHe  together  in  one  plane,  it  made  no 
difference  inthe  result,  whether  that  plane  wa«  jx^qicudicular  to 
the  niiignetie  ajcis  or  parallel  to  ic;  i.e.  whether  the  wires  ia 
moving,  formed  a  band  which  moved  edgcwnyn  or  flat  wa,vs ;  the 
results  were  the  same  as  with  the  four  wires  close  together,  so 
as  to  reprcBCtit,  as  far  m  they  eould,  a  round  or  square  wire. 

3141.  From  all  these  results  it  may  be  concluded,  that  the 
current  or  amount  of  electricity  evolved  in  the  wire  moving 
amongst  the  lines  of  force,  is  not,  nimply,  as  the  space  occupied 
by  its  breadth  correspondent  to  the  direction  of  tbc  line  of  force, 
which  haR  relation  to  the  polarity  of  the  power,  nor  by  that 
width  or  dimeuKion  of  it  which  includes  the  number  or  amount 
of  the  Hues  of  fores,  and  which,  corresponding  to  the  direction 
of  the  motion,  hiis  relation  to  the  eyKa/ortW  condition  of  the  lines; 
hut  i«  jointly  as  tbc  compound  ratio  of  the  two,  or  ae  the  mass 
of  the  moving  wire.  The  power  acts  just  as  well  on  the  interior 
portions  of  the  wire  as  on  the  CKlerior  or  superficial  portions, 
and  a  central  particle,  surrouitded  on  all  sides  by  copper,  is  just 
in  the  same  relation  to  the  force  aa  those  which,  being  superficial, 
have  air  no^t  them  on  one  side. 

31i2.  By  immersing  the  poles  of  the  magnet  in  different 
media,  and  then  making  eoroparativc  experiments  with  tbesamo 
copper  wire  loop  (31'i-3.),  it  uas  fonud  that  the  amount  of  the 
inducrd  currvut  was  the  same  iu  air,  water,  alcohol,  and  oil  of  tur- 
pentine.    The  exptrlments  in  uir  were  icpcatcd  between  those 
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witl)  tlic  liquids,  so  aa  to  give  a  very  coosistcnt  aad  safe  result 
as  to  the  equality  of  nctiou  in  all  Ibc  coses. 


3143.  The  effect  o?  vanation  of  substance  was  tlienext  subjrct 
irhieh  Hccmctl  to  n^r-  impnrtniit  to  bring  under  invrf^tigatioDj 
because  it  has  a  direct  relation  to  tho  aiuouat  of  force  exerted, 
or  ready  to  be  exerted,  within  ttolid  botliet*,  at  any  distance  from 
the  iniijriic't,  in  Kituutioux  and  under  eirwimstances  where  it  was 
ahsolutely  impossible  to  ap|>ly  the  vibrations  of  a  magnetic  needle, 
or  any  other  form  of  the  effects  of  attractive  aiul  rcj>tilsive  forces. 
The  interior  of  audi  bodies  as  iron,  copper,  bismuth,  mercury, 
kc.,  ineliKling  the  nioitt  parainagtictic  and  the  must  diamagnclic, 
seemed,  in  this  way,  open  to  experimeiitnl  iuveKtigntion,  both 
aa  to  the  amuuiit  of  lines  of  fijrcc  traversing  them  under  various 
cirruinfituucus,  aud  alM>  as  to  the  dircctioa  of  ttiu  lincei  or  their 
polarity. 

31'H.  In  an  early  series  of  thesie  Restearclies',  expeinmcnts 
bearing  upon  this  subject  are  de»eribed  (205-213.).  Wires  of 
diffBTent  metals  were  moved  acro^  tlic  lines  of  force  of  a  magnet, 
and  the  resalt  arrived  at  ira.<t,tbat  the  currents  induced  in  theso 
different  bodies  were  proportional  to  their  clcctro-conductioa 
power  (202.213.). 

,  3146.  The  thick  wire  galvanometer  (3133.),  with  its  grtod  and 
short  conducting  communieationM,  promised  however  Ijctter  re- 
sults, and  therefore  loops  like  those  already  described  of  copper 
wire  (3133.),  were  prepared  n-ithvrires  of  different  mctals,all  of  the 
same  diameter,  namely,  0"(>l  of  an  inch,  being  only  ^th  of  the 
substance  of  the  conducting  and  galvanometer  wire.  The  metels 
were  copper,  silver,  iron,  tin,  lead,  platinum,  ziuc.  Under  these 
circumstances  the  subatuncc  concerned  in  the  excitement  of  the 
current  is  made  to  vary,  whilst  the  conducting  port  o£  the  system 
is  very  good  and  n-maina  the  same.  The  rettnlts  with  these 
loops  were  as  follows,  being  the  average  of  from  six  to  ten  ex- 
periments for  each  loop  : — 


Copper     .     .     630 

Iron  .     .     .     180 

Silver.     .    .    61-9 

Platinum          16-9 

Zinc    .    .    .    315 

Lead.     .     .     I2-X 

Tin      .     .     .     191 

'  PhUosophiail  Traweftetioni,  1832,  pp.  179-182, 
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8146.  In  order  to  dismisg,  as  mucli  as  possible,  the  obstruction 
caused  hj  bad  conducting  power,  and  bring  out  any  dlGFerence 
tliat  might  exist  between  pnrania^ntic  and  iliama^ctic  metals, 
three  metals  were  selected,  namcty,  tin,  iron  and  lead  in  nircs,  aa 
before,  of  O-Oiofnn  inch  diameter  J  but  the  tcngtli  vas  restricted 
to  3  inehes,  instend  of  extending  to  IChS  inches,  nnd  the  rest  of 
the  loop  was  made  up  of  the  conducting  copper  wire  of  0-2  in 
diameter,  as  in  fig.  18     Of  course,  the  effect  of  the  whole  loop 

Fig.  18 


is  B  mixed  effect,  being  partly  due  to  the  power  represented  by 
the  lines  intersooted  by  tbe  thick  coppor  portion,  and  partly  by 
those  iiitcracctcd  by  the  three  inchea  of  special  wire  passing 
between  the  poles.  Dnt  as  thcgrcat  amount  offeree  is  concen- 
trated within  a  spaco  not  more  tlian  an  inch  and  a  half  or 
2  inches  in  extent  (as  is  smu  od  carrviug  any  of  the  loops  acrow 
tlie  magnetic  aus),  and  as  cren  that  could  be  made  stfll  more 
concentrated  by  nung  the  iron  cube  (51^9.),  and  so  biinging  the 
poles  virtaally  nearer  to  each  olhcr,  it  was  hoped  that  the  chief 
effect  would  be  there,  and  so  any  peculiar  difference  existing 
between  iron  on  the  one  hand  and  tin  aud  lead  on  the  other,  be 
rendered  miiuifcst,  o<ipcc!a)ly  aa  the  resistance  to  conduction  was 
greatly  dimiiushod  by  sborLcuiug  the  wire*  from  10-5  to  3  inches. 
3147,  The  many  experiments  made  with  each  metal  wore 
very  close  together.  The  arorage  of  tbe  results  for  the  throe 
metab  was  as  follows : — 

Tin       371 

Iron 34-8 

Lead 25-4 

The  proportions,  and  ^therefore  the  results,  arc  almost  identical 
with  those  obtained  before  (3M£.). 

.11  M.  When  teail  aud  cop|)er..  arrangetl  at  the  bar  magnets 
(30S4.  3085.),  had  been  compared  iu  former  cxpcrimcuts  with 
cuch  other  by  the  fine  wire  gnlvauometcr,  the  nsults  for  both 
had  been  the  ttame.  But  then  tlic  two  wires  used  were  short, 
nnt!  far  thicker  than  the  wires  of  the  galranometer  or  of  the 
conducting  circuit,  aud  were  iberefuro  limited  in  the  productiou 
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uf  tlieir  peculiar  action,  by  those  circumstances  oF  msM  alreaidy' 
describwl  (3137.).  TosJiowtliat  that  was  thccaac,  I  now,  with 
the  thick  wire  galranomctcr,  employed  two  equal  loops  of 
copper  and  iron  wire,  0-S  of  au  iucb  in  tbickucss,  lig.  16 
(3133.),  passing  them  equably  over  the  pole  of  the  small  hor&&- 
shoe  magnet,  reduced  bj-  the  keeper  {3134.).  Tbe  result*  were 
very  cousinterit,  and  ttic  mean  of  them  was,  fur 

Copper 41-7 

Iron 337 

3M9.  Here,  therefore,  the  difFerance  between  copper  and  iron 
is  not  so  great  a«  that  of  1  to  1*24;  whilst  when  the  couduetuni, 
not  concerned  in  the  excitement,  were  very  good,  and  able, 
comporativciy,  to  carry  on  to  the  galraDometer  nearly  all  the 
effect  of  the  excitement,  it  was  as  great  a^i  1  to  3'5,  the  dif- 
ference bciiig  in  tlie  latter  ease  above  tenfold  wliat  it  is  in  the 
former. 

3150.  To  raise  the  effect  dependent  upon  the  mass  in  retatioa 
to  that  of  the  conducting  wires  to  a  still  higher  degree,  I  had  a 
cylinder  of  iron,  5*5  inches  in  length  and  07  of  au  inch  ia 
diameter,  soldered  on  to  the  ends  of  conducting  wires,  so  as  to 
be  in  all  reepect  like  that  of  copper  before  described  (3137.). 
In  this  case  the  iron  not  only  rose  up  to  the  copper  in  effect, 
but  eren  surpassed  it ;  the  results  being  for  copper  35'^"66,  and 
for  iron  38°'33.  Thus,  under  these  circumstances  of  mass,  the 
difference  between  iron  and  copper  disappears,  The  appiirrnt 
inferiority  of  copper  is  probably  due  to  the  lateral  di'^cborgc, 
vliicli  before  reduced  the  eCTect  of  a  cj'lindcr  below  that  of  a 
thick  wii-e  (3137.) .  The  iron  being  a  wni-se  coiidnetor  in  itself,^ 
and  baring  etjually  good  conductors  in  the  prolongation  of  ther' 
circuit  aa  when  it  wan  employed  aa  wire,  would,  I  think,  have 
proportionately  leas  lateral  discharge  in  it  than  the  copper. 

3151.  For  a  compurison,  both  as  regarda  the  pnrticular  sub-  ' 
stance  and  the  mass,  I  attached  a  similar  cylinder  of  bismuth  to 
conductors.     Its  effect,  with  tbe  same  magnet  and  force,  wa«. 
23";  avcryliigh  proportion  in  relation  to  the  copper,  tuid  no' 
doubt  due  to  its  mass.     If  it  could  have  been  compai'cd  as  a 
wire,  only  0'04in  diameter  (31-t5.),  it  would  probably  have  ap- 
peared almost  indifferent  (3127.)'. 

'  Wlicn  bumuth  b  told^nd  int4  the  ciictut,  it  roiiuiM  \a  be  left  a  longl 
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3152.  So  the  current  of  electricity  excited  ia  different  sub- 
etnuccx,  moving  across  lines  of  niaguettc  force,  appear*  to  be 
dirpctly  as  tlie  couducliii;j  power  of  the  substBiieu.  It  appt-ars 
to  have  DO  purlifular  rcfemice  to  tlie  mngnetic  cliaractcr  of  tbo 
body,  for  iron  comes  between  tin  and  platinum,  presenting  no 
otber  di»tinctioQ  tbau  that  due  to  conducting  )<on'cr,  and  differ* 
ing  far  less  from  tlicm,  than  tbcy  do  from  other  metals  not 
majjruetic. 

3153.  The  amount  of  Vines  of  force  (and  of  the  force  repre- 
sented liy  them)  appears,  tlicrefurc,  to  becc|ual  for  ci]ual  spaces 
occupied  and  traversed  by  tin,  iron,  and  platinu  under  the  cir- 
cumstsnces;  for  the  tliffcrciiee  in  result  is  in  no  proportion  to  the 
ordiuary  magiietiu  diflcreiice,  nnd  only  as  the  coudueting  power. 
This  agrees  with  the  conclusion  before  arrived  at,  that,  for  air, 
water,  bismuth,  oxygrn,  nitrogen,  or  n  vacuum,  the  lines  of  force 
are  the  same  iu  amount,  except  as  they  arc  more  or  less  conceu- 
tratcd  in  the  subslancc  across  which  ihey  pn«s  (2807.),  according 
ns  it  is  more  or  less  competent  to  conduct  (2797.),  or  transmit 
the  magnetic  foK'e. 


315t.  Such  a  conclufiion  as  that  just  arrired  at,  brings  on  the 
question  of  wliat  is  maffnclic polarity ,  and  how  i»  it  to  be  deliDcd  ? 
Tor  roy  own  part,  I  should  undcratnnd  the  term  to  mean,  the 
opposite  and  antithciieal  actions  whieh  arc  manifested  at  the 
oppo«itc  cadN,  or  the  opposite  aid»,  of  a  limited  (or  unlimited) 
portion  of  n  line  of  force  (283S.)*  ^c  line  of  dip  of  the  earth, 
or  a  part  of  it,  may  again  be  referred  to  as  the  natural  case;  and 
a  free  nceille  above  or  below  the  ])art,  or  a  wire  moving' ocroM  it 
(3076.  3079.),  will  give  the  direction  of  the  polarity.  If  we  refer 
to  an  entirely  different  and  artiRHal  source  as  the  elcctro-mag- 
cetic  helix,  the  same  meaning  and  description  will  apply. 

3155.  If  the  term  polarity  hare  any  meaning,  which  has  re- 
ference to  experimental  facts  and  not  to  hypothcscB  only,  beyond 
that  included  iu  the  ubore  description,  1  urn  not  aware  that  it 

time  befon  it  ia  mud  for  experimeaUi  aii<l  should  tbvn  be  covered  up,  sad 
tlie  loop  handled  with  gnax  rArv  i  oltienrUe  Ibermo^utreiila  an  prodimtd. 
Fur  an  bour  or  two  afier  soldering  it  gvoemt«s  etediieal  cun«nb^  wbi«h 
appBAT  at  tha  gklraotMiKilei  vorjr  irrtyvlarlr,  V-ing  proboUr  du«  tu  ialcmal 
molBcutar  cbaagco,  which  occur  from  tiisia  to  tiaio  natil  the  whole  hai  oo- 
quirwl  a  perBuaaDt  Mats  of  cqiiilibriuni. 
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has  ever  been  distinctly  and  clearly  expressed.  It  may  be  no, 
fbr  I  dare  not  vcntiire  to  say  tliat  I  recollect  all  I  liave  read,  or 
even  all  the  conclusioiu  I  myself  have  at  diffcrcot  times  come  to. 
But  if  it  noitlicr  hare,  nor  «hoi)ld  have,  any  other  meaning,  then 
the  question  xrises,  is  it  correctly  exhibited  or  indicated  in  every 
case  by  attractions  and  rcpulsiunti,  j.  r.  by  ntich  like  mutual  ac- 
tioiis  of  particular  bodies  on  each  other  under  tbc  ma^^nctic  indu> 
euce?  A  weak  solution  of  protOitul|)Imtc  of  iron,  if  surrounded 
by  water,  will,  in  thcraagnctic  field,  point  axially;  if  inastmnijcf 
solution  than  itisulf,  it  mil  puiut  wiuatorially  (i!357.  H'MM.  2  VZi..) 
The  same  is  trne  with  stronger  cases.  We  cannot  doubt  it  would 
bo  true  even  «p  lo  iron,  nirlici,  and  cobalt,  if  we  conid  render 
tbcsc  bodies  fluid  in  turn  without  altering  tbcir  paramagnetic 
power,  or  if  we  had  the  coramnnd  of  magnets  and  of  paramag- 
netic and  diamagnctii'  matia,  Rtronger  or  weaker  at  pleasure. 
But  in  the  case  of  the  solutions,  we  cannot  8Upp(»si!  that  the 
weaker  bas  one  polarity  iu  the  stronger  solutiuu  aud  another  in 
tbc  water.  The  lines  of  force  ocroM  the  magnetic  field  have  the 
same  general  polarity  in  all  tbc  caaea,  and  would  be  shown  eit- 
perimentally  to  bare  it,  by  the  moving  wire  (307C.),  tbongh  not 
by  the  attractions  and  repulsions. 

31 56.  Here,  therefore,  wc  have  a  difference  in  the  two  modes 
of  Cspcrimuntal  indication  ;  not  merely  as  to  the  method,  but  aa 
to  the  nature  of  the  results,  and  the  very  principles  which  arc 
conpcrncd  in  their  production.  Henre  the  value  J  think  of  the 
moving  wire  aa  an  iiivcHtijrator;  fur  it  leads  us  into  inquiries 
which  touch  upon  the  vcrj-  uaturc  of  the  magnetic  force.  There 
is  no  doubt  that  the  needle  gives  true  experimental  indications; 
but  it  is  not  so  sure  that  wc  always  interpret  them  correctly. 
To  ONSumc  that  pointing  is  always  the  direct  effect  of  attractive 
and  repulsive  forces  acting  in  couples  (as  in  the  cases  in  ques- 
tion, or  fut  in  bismuth  crystaU),  vt  to  shut  out  ideas,  in  rtdation 
to  magueiism,  which  arc  already  applied  iu  the  theories  of  the 
nature  of  light  and  electricity  ;  and  the  abutting  out  of  eucli 
ideas  may  be  an  obstruction  to  the  advancement  of  truth  and  a 
deffncc  of  wrong  assiiniplions  and  error. 

3157.  What  i»  the  idea  of  polarity  in  a  field  of  egual  force  ? 
[whether  it  be  occupied  by  air  or  by  a  mass  of  soft  iron?).  A 
magnetic  needle,  or  an  oblong  piece  of  iron,  would  not  show  it 
in  the  air  or  elsewhere,  except  by  disturbing  the  equal  arrange- 
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ment  of  the  force  and  renderUig  it  unequal ;  for  tm  titat  tlie 
pointing  of  the  needle  or  the  iron,  or  tbe  motioim  of  eitti 
towanU  tlic  wallii  of  the  magnetic  field,  if  limited  {2828.),  woe 
depODcI.  A  crista]  of  bismatb  in  showing  thin  polarity  by  posi*-^ 
tion  (IMOf-.  283U.),  does  it  without  nmcb  altering  the  dittribn- 
tion  of  the  force,  aiid  the  alteration  whieh  does  take  place  is  in 
the  oontraiy  direction  to  thnt  effected  by  iron  (2807.),  for  it 
cipiuidJi  the  lines  of  force.  It  nocraii  readily  possible  that 
ma^ccryntal  inight  exist,  which,  when  in  itA  ntablc  pontion, 
■houtd  neither  cbobc  the  oonrcrRcacc  nor  dircrgcnce  of  tbe 
lines  of  force  within  it.  It  need  only  be  ncutnil  in  relation  to 
^woe  or  any  BurrouncUng  medium  iu  that  direction,  and  di»-, 
magnetic  in  ita  rctatiou  in  the  trausrcmc  direction,  and  tbe  cou* 
ditiona  would  l>e  fulfilled. 

8168.  DuL  though  an  ordinary  magnetic  needle  cannot  show 
polarity  in  a  6cld  of  c<iuul  force',  having  no  reference  to  it,  auct 
in  fact  ignoring  Mich  acoiiditionof  lliiugs,  a  nioring  wire  make 
it  manifest  instautly,  and  also  shows  the  full  amoiiut  of  magnetic ' 
power  1o  which  such  polarity  belongs;  and  this  it  does  without 
d  isturbing  the  difttributinn  of  tlir  power,  as  far  as  wc  comprcliend 
or  understand  distribution,  when  thinklug  of  naagnctic  iiecdlcs. 
At  least  sad)  nt  present  appears  to  me  to  Iw  the  case,  from  the 
oOTuideratioD  of  the  notion  of  tbio  and  thick  wires  (3141.)  and 
wirm  of  diiTorcnt  substRnccs  (SLoS.)* 

SlBOi  As  an  experimentalist,  I  feel  bound  to  let  experiment 
giiiile  mc  into  any  tniin  of  thought  which  it  may  jnstify  ;  bring 
NatiHlitxl  thiit  experiment,  like  analysis,  mttst  lead  to  strict  truth 
if  rightly  iDiorprotcd;  and  he* 
lioviiig  also,  that  it  is  in   its  Fig.  10. 

nature  fnr  more  suggcatiTC  of 
new  trains  of   thought  and 
now    conditions    nf    uatnrA 
power.     In  order   to  extend 
itt  indications,  and  \KTy  the        . 
form  iu  which  ihe  principle  of  / 
the   raoTing  wire  may  be  op- 
plied,  I  luul  on  npparntns  con- 
structed, fig.  19,  eon"iiiting  of 
a  wooden  axii,  one  cxtrcmitj 

•  One  ODaM  uuUy  Inagbio  hrjioUistieslly  a  nudlu  tlist  sboulJ  do  •«. 
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of  vbtdi  fras  terminated  hj  »  copper  screw,  intended  to  rccicre 
and  carry  one  or  more  discs  of  metal  that  might  be  screwed  on 
to  it.  Tliiaend  projected  ao  far  Vyoud  tlic  support,  that  such 
<1iacs  could  be  partly  introduced  betneei)  the  [mIos  uf  a  horse- 
shoe magnet,  tto  as  vfacn  rcrotring,  to  more  across  the  lines  of 
force  at  their  most  intense  place  of  action  ;  and,  whilst  the  mag- 
net and  the  apporatas  continued  fixed,  to  roroire  continuoiuly 
acTOsa  the  same  lines  of  force.  One  of  the  galrauomctcr  wires 
was  pointed,  and  so  held  as  to  hear  into  and  against  the  surface 
of  a  cnp^idiapcd  cavity  at  the  end  of  the  axial  screw  ;  and  the 
other  was  applied  by  the  hand,  or  »o  fixed  as  to  bear  by  a 
rounded  part  against  the  rim  of  the  disc,  at  that  point  which 
wa«  furthest  within  the  poles  of  the  magnet. 

3160.  TJiscs  of  metal  were  prepared  for  this  apparatus,  each 
2'5  inches  iu  diameter,  and  of  different  thicknesses  and  material. 
When  a  di»c  of  copper  was  fixed  on  the  axis,  and  adjxutcd  in 
association  with  the  largo  horseshoe  magnet  (3 1 59.) ,  as  described 
above,  three,  or  even  two  revolutions  of  it,  wonid  deflect  the 
needle  of  the  thick  wire  galvanometer  through  a  swing  of  80^. 
In  his  apparatus,  the  most  effectual  part  of  the  jiorttou  of  the 
disc  whicii  is  at  any  moment  passing  acrots  the  mnguetic  axis, 
is  that  which  is  near  tlic  drcumfcrence ;  for  it  has  the  greatest 
velocity,  consequently  moves  through  more  space,  and  that  in  a 
part  where  the  lines  of  force  arc  most  concentrated. 

8161.  The  contact  at  the  end  of  the  axle  shonld  always  be 
carefully  watched  and  made  good.  The  degree  of  pressure  on 
the  edge  of  the  disc  should  not  be  too  slight ;  otherwise  the 
contact,  tinder  the  circnmstances  of  the  motion,  is  not  sufficient 
to  carry  forwnrd  the  same  constant  proportion  of  current 
gcncnitcd.  Neither  should  it  be  made  at  the  angles  of  the  disc 
edge ;  if  a  grating  or  cutting  &-iction  occur,  an  electric  current  is 
gcurated  by  it.  With  a  smooth  hard  friction  of  copper  wire 
against  the  copper  disc  there  is  veiy  little  evolution  of  current. 
When  the  copper  wire  presses  against  the  edge  of  an  iron  disc 
there  ia  far  more.  In  either  east*,  however,  the  effect  may  be 
eliminated  or  compensated  ;  for,  in  whichever  direeticra  the  dine 
Is  revolved  without  the  magnet,  the  deviation  of  the  needle,  if  any 
be  produced,  remains  the  same  ;  whereas,  when  the  ma^et  is  in 
place,  the  deviations  produced  by  ii  arc  in  the  reversed  direction 
tor  reversed  revolutions.    Hence,  if  an  equal  number  of  rcvolu- 


t 


884 


Line*  of  magneiic  force.     [Series  XXVITT. 


tions  be  made  ia  the  two  directions,  and  the  anequal  dcflcctiona 
in  opposite  directiunfl  be  noted,  the  tialf  of  llieir  (um  will  f^e 
nearly  the  amount  of  deflection  which  would  ha»e  OL-curred  if  no 
onm-'ot  had  been  exerted  by  frietiou  ai  the  edge,  i.  e.  provided 
the  deflectionv  have  not  l>ern  through  large  ares.  Tlicsc  cfTects 
of  friction  are  no  douU  objection*  to  the  princijile  in  this  form  ; 
still  the  rcntil(4  are,  m  it  appeam  to  m^,  Taluahio  in  relation  to 
cupper  and  iron,  and  arc  an  followi. 

3lfi3.  A  copper  disc,  005  of  an  inch  in  thickneai,  gave  A 
nwirij;  dcHertioii  fur  two  revolutions,  which,  lieing  theavaragei^ 
several  cxpcrimerila  e-SO"**.  A  accond  co|iptr  disc,  of  01  of 
an  inch  in  thickness,  ^uvo  an  average  deflection  of  27^'g.  A 
third  eopi>er  disc,  of  0'2  in  ihiekuess,  gave  a  ileflcction  of  2&'-ft. 
ITiTC,  therefore,  not  only  hnit  the  thieknnw  (with  tbcac  conditioiM 
oF  contact)  Ijccn  attained  for  the  maximum  effect,  but  even  aur- 
pnaitcd  (.'Jl'17.).  Then  an  iron  disc  of  0*05  in  thickness,  vaa 
placed  oi)  the  nxle,  and  gave,  oa  its  mean  re«nlt,  a  deflection  of 
IS^'^.  Another  iron  disc  of  four  timea  the  tliicknesa  (or  ()*2) 
gave  a  deflection  only  of  14^^.  So  here  alw,  as  before,  the  thick- 
ncM  of  iiiuximum  cfl'cct  had  been  Burpa»«ed. 

IllAll.  The  two  discs  of  copper  and  trou  of  0*2  in  thickneaa 
each,  which  hod  produced  HCparatoly  the  respective  deviations 
of  2fi*"3  and  14*',  were  then  both  fixed  on  the  axlp,  being 
■cparated  from  mutual  contact  in  respect  of  their  moss,  bj'adiac 
of  i>i>iicr,  though  both  were  of  connc  in  contact  nt  the  centre  of 
motion  wilfa  the  copper  uxle,  br  means  of  which  the  electric 
eotniilQQicntion  was  perfected.  In  armnging  their  place  bctirecu 
the  pole*  of  (ho  magnet,  ibc  iron  was  placed  at  nii<[-dL8tfl.ace, 
and  therefore  the  copper  a  little  on  one  side.  When  thcooppor  . 
disc  was  brought  Into  the  circuit,  it,  by  two  revolutions,  gave  an. 
nTcrngc  deviation  of  ;33^'4  i  and  when  the  iron  disc  woa  in  the 
circuit,  the  deviation  produced  by  it  was  Il^-Ol.  Here,  thcro- 
ftire,  the  pmiKirlions  were  nearly  the  same,  when  the  two  disc* 
vero  subject  at  the  same  moment  to  the  magnetic  power,  a* 
when  tiiry  were  examined  separately.  Iluth  have  fallen  a  little^ 
but  not  in  any  manner  which  seems  to  indicate  that  the  iron  has 
had  any  pecnliiir  intlnence  in  altering  or  affecting  the  lines  of 
for(?e  pH»aing  Bcrosa  the  maguctic  field.  The  effect  which  haa 
tnkcn  plan?,  appears  to  bo  one  due  lo  the  acliou  uf  the  collateral 
maaaof  cooductiug  matter. 
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8164.  If  the  direction  of  the  electric  currrat  iitdticecl  by  the 
magnetic  force  in  the  moving  metal  be  taken  u  the  true  indira< 
tion  of  poliiritr,  and,  1  think,  it  cannot  Ik>  dfnie<i  that  it  reprc- 
lenta  that  cbaractcr  of  the  (urcc,  which  the  term  polarity  s 
intended  to  express,  and  is  uncbuogeably  associated  with  that 
chararter  ;  then  these  results  show  that  the  jiolarity  of  the  linos 
of  force  within  the  iron  is  the  some  with  tbat  witliin  the  cop}>er, 
when  both  arc  submitted  in  like  manner  to  the  magnetic  force. 
In  association  with  the  former  and  new  re&ults  with  bismuth 
(2431.  3151.  SlGii.),  and  uumt^roua  other  pha'nowcua,  the  same 
conclusion  may  be  drawn  as  to  the  lines  of  force  within  that  sub- 
stance, for  the  effects  arc  the  same  with  rcganl  to  the  production 
of  a  current  in  it ;  and  so  fiirthcr  eridcnee  is  added  to  that  whith 
I  have  given,  tending  to  show  that  bismuth  is  nut  polarized  in  the 
rererse  direeliouasirou  oramagiiet  (2429. 26-M).).  By  reference 
to  tlic  phsenomeaa  presented  by  the  relative  actions  of  paramag- 
netic and  diamagnetic  substances,  the  same  ooucUisions  may  be 
drawn  with  rwpcct  to  all  bodies  and  to  space  itself  (27*7.  Ac). 

3165.  'I'hat  the  iron  disc  nfTpcts  the  di-^ipiisition  of  tlie  lines  of 
force,  is  no  doubt  true,  and  the  extent  to  nhieb  this  is  dune  is 
easily  sect),  by  fixing  a  nmall  magnetic  needle,  about  0*1  or  005 
of  an  inch  in  length,  across  the  middle  of  a  piece  of  stretched 
thread  as  an  axis,  and  then  bringing  it  into  the  magnetic  hold 
and  near  the  edges  of  the  stationary  disc.  Tlie  lines  of  force  will 
be  seen  (3071.  SOrti.)  gathering  in  upon  the  iron  at  and  near  its 
edge,  but  only  for  a  rerj-  little  distance  from  it  in  any  direction  : 
the  effect  is  that  which  I  hare  cnnsidL-nnl  proper  to  a  purnmog- 
netic  body  (2807.).  Elsewhere,  the  lines  of  force  go  with  the 
eamo  direction  across  the  magnetic  firld  where  the  iran  is,  as 
where  it  is  not;  and  it  is  to  uie  a  prtivcd  fuel,  proved  by  the 
DumcroDs  resnlta  given,  that  a  section  of  the  lines  of  force 
taken  acrooa  the  magnetic  field  through  the  air,  close  to  the 
iroD,  is  exactly  c^ual  in  amount  of  force  to  a  section  taken 
ncmsis  parallel  to  and  thi'ongh  the  iron  disc  (3163.)  ■  AH  iroD 
imder  induction  must  have  just  as  much  force,  t.  e.  lines  of 
force  iu  its  internal  parts,  as  is  e<juivalcut  to  the  hues  which 
fall  oQ  to,  and  arc  continued  through  and  out  of  it;  and  tlie 
same  is  true,  as  it  appears  to  me,  of  any  other  paramognctio 
or  dianiagnetic  subHtauee  whatever.  The  same  is  true  /&/•  /Ae 
viagnet  itself;  for  a  setrtion  tlirough  the  magnet  has  been  shown 
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to  be  exactly  equal  to  a  section  au^whcre  tlirongh  the  outer 
liacB  of  force  (8121.;,  and  these  sections  may  1»  taken  at  the 
surfiKw  of  tlic  niBgiict,  where  they  may  be  t'oiwidt-rcci  &s  cither 
in  tlie  air  or  in  the  magnet  iniliffercntly ;  nnd  tlicrcforc  alike  in 
rise>  sliapc,  power,  polarity,  and  every  other  point. 

3lfI6.  I  have  ubc<1  Ihc  [ihrasc  conduction  polarity  on  a  former 
occaaton  {"HHiH.  ^35.),  but  »o  limited,  that  it  could  laid  to  uo 
niiatakc  of  my  meaning,  cither  then  or  now.  It  requires  no 
words  tu  Hhow  hon  it  iei  included  in  the  higher  and  general 
cxprcxNiou  of  the  direction  or  |K)Iarity  of  the  lines  of  force. 


3167.  Some  other  resulu  with  the  disc  apparatus  (8159.) 
were  obtained,  which  it  may  he  iincful  to  describe  here.  71a 
was  formed  into  n  ilisc  of  O'l  in  thickness,  and  3'5  inches  in 
diameter.  The  effect  of  the  friction  of  the  copper  conductor 
at  its  edge,  was  a  feeble  current,  the  reyeroe  of  that  ifrodnecd 
in  the  cases  of  copper  and  iron  (Slfil.) ;  but  the  corront  pro- 
duced by  the  revolution,  and  dependent  on  the  polai'ity  of  tlio 
lines  of  force,  van  the  same  bk  fieforc.  It  produced  a  swing 
deflection  of  H°-ii  for  two  revolutions  of  the  disc. 

31G8.  A  disc  of  bitmuth  produced  for  too  strong  a  current  by 
friction  agaiUHt  the  copper  eomluctor,  to  allow  of  any  useful  result 
in  its  HJmplG  state.  A  ring  of  copper  foil  was  therefore  formed, 
and  being  placed  tightly  ou  the  bismuth  disc,  was  wedged  up 
by  plates  of  clcran  copper  foil,  so  aii  to  pruduoe  a  clean  hard 
contact;  imperfect,  uo  doubt,  but  as  general  as  could  be  mado 
under  the  circttmatanecs.  When  this  disc  was  rotated  in  the 
one  direction,  it  (rave  a  deflection  iu  the  name  direction  as  if 
u  copper  or  iruu  dine  had  been  used  ;  wbeu  rotated  the  other 
way,  the  dcflcctiou  was  little  or  notliing.  This  diiferencc  is 
due  to  the  united  influence  of  the  rotation  effect  and  the  friction 
elTuct  in  the  one  case,  and  their  oppo^itiou  in  the  other;  but  the 
results  show  that  the  lines  of  force  are  in  the  same  direetioit 
tbrouffb  bismuth,  wbeu  between  the  magnetic  poles,  as  they 
are  thniugh  copi>er  and  iron.  The  induced  corrent  is  small, 
both  because  of  the  bad  conducting  power  of  the  btamutli  and 
tbe  imperfect  contact  at  the  edge.  When  the  same  copper 
rim  vas  placed  on  the  copper  disc,  it  reduced  iha  defiection  of 
tbe  needle  from  SC^S  to  0^-34. 
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8169.  In  illastratioD  of  tbe  effect  produced  by  those  purta 
of  the  disc,  wbicb,  not  being  in  the  place  of  greatest  actioD,  are 
caiiiluetiug  back  those  currents  formed  by  the  radial  parts  iti 
the  place  of  mauinum  cfTcttj  I  had  a  wooden  disc  constructed, 
0'3  in  thiclcncss  and  S'5  inches  in  diameter,  the  centre  ofvhicli 
vras  copper,  for  the  purpose  of  attachment  and  electrical  con- 
nection, and  the  outer  edge  n  ring  of  copper  not  more  than  u^th 
of  an  iocb  in  thickne«s.  The  two  were  connected  by  a  single 
copper  wire  mdiua,  in  thickness  0*056  of  an  inch,  which,  as  the 
disc  revolved,  was  of  counc  carried  across  and  through  the 
magnetic  field.  It  gnre  a  deflection  of  li°.  The  copper  disc 
of  0*05  thickness,  gnre  only  an  average  of  38°,  Nov,  though 
tlie  matter  of  the  copper  ring  round  the  wood  will  cause  part  uf 
the  current,  yet  the  chief  portion  must  be  due  to  the  copper 
radius,  which,  at  the  cBectual  part  nc;iT  the  edge  (fllGO.),  is  not 
more  than  the  jinth  part  of  the  full  copper  dtac ;  and  this  Indi- 
cates hovr  much  of  the  electricity  put  in  motiou  there  by  the 
magnetic  force  must  be  rctonied  back  in  short  circuits  in  the 
other  parts  of  tbe  disc. 

3170.  The  disc  apparatus  showa  welt  the  dc[icndcncc  of  the 
induced  current  upon  the  interseciioH  of  the  lines  of  force  (3083. 
3113.).  If  the  diic  be  so  arranged  as  to  stand  edgeways  to  the 
magnetic  poles,  and  in  the  piano  of  the  magnetic  axis,  so  that 
it  sliall  \k parallel  to  the  lines  uf  force  vhidi  pass  by  and  through 
it,  then  no  icvululioii  of  it,  with  the  moat  powerful  magnet, 
produces  the  slightest  signs  of  a  current  at  the  galvaoometcr> 


S171.  The  relation  of  the  induced  carrcnt  to  the  electro-con- 
ducting power  of  the  .Hubstance,  amongst  the  metals  (3152.], 
leads  to  the  presumption  that  with  other  bodieit,  aa  water,  wax, 
glau.  Sec.,  it  is  absent,  only  in  consequence  of  the  great  deil- 
ctency  of  conducting  power.  I  thought  that  procesaca  analo- 
gous to  tho*c  employed  with  the  metals,  might  in  such  uon- 
condttctors  as  shell-loc,  snlphur,  &c.,  yield  some  results  of  static 
electrieity  (181.  192.);  and  bare  made  many  experiments  with 
tliiis  view  in  tbe  inteuHr  magnetic  iicid,  but  withotit  any  distinct 
result. 

3172.  All  the  rc&ults  described  arc  those  ohtuined  with  moving 
metaU.    But  mere  motion  would  not  generate  a  relation,  which 
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had  not  a  foundation  iu  the  existence  of  some  prcriouti  state; 
and  therefore  the  qtdescent  metals  miiat  be  in  some  relation  to 
the  actire  oootrc  of  furce,  aiid  that  not  necessarily  dependent  on 
their  paramagnetic  or  diumagnctic  condition,  because  a  metal 
at  zero  in  that  rrspect,  would  ha?e  an  electric  current  generated 
in  it  UB  well  aa  the  others.  The  relation  is  not  as  the  attraction* 
or  rcpuUious  of  the  metals,  and  therefore  not  magnetic  in  the 
common  sense  of  the  word;  hut  acrordinp  tOMtmeothfr  fuuctiun 
of  the  power.  Irun,  copper,  ami  hismuth  are  very  diSerent  in 
the  former  sense,  but  when  moving  across  the  lines  of  force, 
give  the  same  general  result,  modified  only  l)y  electro-con- 
ducting power. 

3173.  If  such  a  condition  be  hereafter  rorified  hy  experiment 
aod  the  idea  of  an  elcctrotouic  state  (GO.  %^2. 1114.  IGGl.  1729.) 
be  revived  and  entahliHlird.  then,  eiich  bodies  as  water,  oilj 
resin,  &c,,  will  probahly  be  included  in  the  same  state;  for  the 
non-conducting  condition,  which  prcrcnts  the  formation  of  a 
current  in  them,  docs  not  militate  ngainst  the  rxistence  of  that 
condition  which  is  prior  to  the  effect  of  motion.  A  piece  of 
copper,  which  cannot  hare  the  current,  because  it  ia  not  in  a 
circuit  (3087.),  and  a  piece  of  lac,  which  cannot,  because  it  is  a 
non-conductor  of  electricity,  may  have  pBculiar  hut  analogouii 
ttntes  wlu-n  moving  across  a  field  of  magiictiu  powur. 

31 7-1.  Ou  briugiDg  this  paper  to  a  close,  1  cannot  refrain 
from  again  cxprrsaing  my  ronvici.ion  of  the  truthfulness  of  the 
representation,  which  the  idea  of  lines  of  force  alTords  in  regard 
to  magnetic  action.  All  the  points  which  arc  experimentally 
cstnhtiHhed  with  rcf^ard  to  that  action,  i.e.  nil  that  is  not  hypo- 
tlietical,  appear  to  he  well  and  truly  represented  by  it.  What- 
ever idea  we  employ  to  represent  the  power,  ought  ultimately 
to  include  electric  forces,  for  the  two  arc  so  related  that  one 
cxprewion  ought  to  serve  for  both.  In  this  respect,  the  idea 
of  lines  of  force  appears  to  me  to  have  advantages  over  tJia 
method  of  repiesciiting  magnetic  forwH  by  centres  oF  action. 
In  a  straight  wire,  for  iustancc,  carrying  an  electric  current,  it 
is  npinrcntly  impossible  to  represent  the  magnetic  forces  by 
centres  of  action,  whereas  the  lines  of  force  simply  and  truly 
represent  them.  The  study  oC  these  lines  have,  at  difterent 
times,  been  greatly  influential  in  leading  me  to  various  results, 
iibich  1  think  prove  their  utility  us  well  as  fertility.    TbuSj  tho 
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lav  of  magQcto-«lectric  ioductioa  (114.];  tfae  earth'e  indQCtire 
action  (149.  Id.  171>)i  ^^  relation  of  maguetism  and  light 
[2\'\G.  and  note) ;  diamaguetic  action  and  its  law  (33-l3.)j  and 
magncciTstallic  action  (2454.),  ore  caaes  of  tliis  kind:  and  a 
siinilar  inSuence  of  them,  over  mj  miad,  will  be  seen  in  tlie 
fartlier  instances  of  Uie  polarity  of  diamaguetic  bodies  (2&K).) ; 
the  relation  of  magnetic  currc!  and  the  erolTcd  electric  cnrrcnts 
(213.] ;  the  ex|dication  of  Arago's  pbsenomcnon  (81.),  and  the 
distinction  between  that  and  ordinary  magnetism  (342.  245.) ; 
the  relation  of  electric  and  magnetic  forces  (1709.) ;  the  ricwa 
regarding  magnetic  eoaducttou  (2797.)  >  and  atmoapbcric  mag< 
nctiam  (2847.).    I  have  been  so  accustomed,  indeed,  to  employ 
tlicm,  and  especially  in  my  last  Keaearches,  that  I  may,  unwit- 
tingly, bare  Iwcome  prejudiced  in  their  favour,  and  eeaaed  to  be 
a  clear>«iglitod  judge.     Still,  I  have  always  endcaTonrcd  to  make 
experiment  the  test  and  toutrollcr  of  theory  and  opinion ;  but 
neither  by  that  nor  by  close  cross  examination  in  principle,  bare 
1  been  iMde  aware  of  any  error  inTolvcd  in  their  use. 

317S.  WbiUt  writing  tbisi  paper  I  perceive,  that,  in  the  late 
Series  of  theae  Researches,  Nos.  XXV.  XXVI.  XX^^I.,  I  hare 
aometimea  used  the  term  Unet  of  force  so  vaguely,  as  to  leave 
the  reader  doubtful  whether  1  intended  it  as  a  merely  repro- 
scntative  idea  of  the  forcca,  or  as  the  description  of  the  path 
along  which  the  power  was  continuously  exerted.    What  I  have 
said  in  the  beginning  of  this  paper  (3075.)  will  render  that 
matter  clear.     I  have  as  yet  found  uo  reason  to  wish  any  part 
of  those  papers  altered,  except  these  doubtful  cxprcsaions  :  but 
that  will  bti  rectified  if  it  be  undcretuod,  that,  wherever  the  ex- 
pression line  q/fttrce  is  taken  simply  to  represent  the  dispositiou 
of  the  forces,  it  sliall  have  the  fullness  of  that  meaning ;  but  that 
wherever  it  may  seem  to  represent  the  idea  of  ilmpfiyitical  mode 
of  transmiision  of  the  force,  it  expreasea  in  tljat  respect  the 
ojiinion  to  which  I  incline  at  present.    The  opinion  may  be 
erroneous,  and  yet  all  that  relates  or  refers  to  the  diaposition  of 
the  force  ^11  rcmaia  the  same. 

3176.  The  value  of  the  moving  wire  or  conductor,  as  an  exa- 
miner of  the  magnetic  forces,  appears  to  me  very  great,  becauae 
it  touches  the  physics  of  the  subject  lu  a  manner  altogether  dif- 
ferent U)  the  magnetic  needle.  It  not  only  gives  its  indications 
upon  a  diQercut  principle  uud  in  a  diScrcnt  manner,  but  in  the 
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mutual  action  of  it  and  tbc  source  of  povrer,  it  affects  the  power 
diFFcrcntlj-.  The  wire  when  qoiwoent  doe*  not  senribly  duturb 
the  airangemcnt  of  the  force  in  the  magnetic  field  ;  the  needle 
when  ppcHCDt docs.  When  the  wire  ismoring  it  docs  not  sensibly 
diHtiirb  the  forces  external  to  it,  unless  perhaps  in  large  masses, 
as  ill  the  discs  {31C3.),  or  when  time  is  eonccmod  (1730.)i ».  e-  it 
docs  not  disturb  the  disposition  of  the  whole  force,  or  the  arrangc- 
moiit  of  the  lines  of  force ;  a  field  of  cqiint  maguctic  power  is 
still  equal  to  anything  but  the  moving  wire,  whilst  the  trire 
moTo  acroBs  or  through  it.  The  mOTing  wire  also  indicates 
quantity  of  force,  indcpcndcat  of  tension  (3870.);  it  aliowa  tliat 
Uw  quantity  within  a  magnet  uud  that  outside  is  the  Kame,  though 
th«  tension  be  rery  different.  In  addition  to  these  advantAgcoiu 
points,  the  principle  in  sTailable  within  magnets,  and  paramag- 
netie  and  diuraagnctic  bodies,  so  as  to  liavc  an  application  beyond 
that  of  the  needle,  aud  thus  give  experimcnttd  evidence^  of  a 
natore  not  otherwise  attainable. 
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3177.  Thk  proposition  which  I  hnve  made  to  iisc  the  induced 
ma^cto-clcctric  currcut  as  an  experimental  indication  of  the 
presence,  direction  and  Binouiit  of  magnetic  force;!  (D074.),  makes 
it  requisite  tliat  I  should  also  clearly  demonstrate  the  priuciplca 
and  develope  the  practice  necessary  for  aneh  a  purpose :  and 
especially  that  I  sliould  prove  that  the  amuant  of  current  in- 
duced ia  preciselT  proportiouatc  to  the  amount  of  Huei  of  mag- 
netic force  intcrs(«t<!d  hy  the  moviiig  wire,  in  which  the  electric 
carrcnt  is  gcueratal  and  appears  (3082.  3109.).  The  proof 
&lrc«dy  given  ia,  I  think,  sufficient  for  those  who  may  repeat  the 
experiments  j  but  in  onler  to  accumuhite  evidence,  as  ia  indeed 
hut  proper  in  the  flrBtamiuuuccmcatof  such  a  proposition,  I  pro- 
ceeded to  experiment  with  the  magnetic  power  of  the  earth, 
which  presents  us  with  a  field  of  action,  not  rapidly  varying  in 
force  with  the  distance,  as  in  the  case  of  email  ma^iota,  hut  ono 
which  for  a  given  place  may  be  considered  as  uniform  in  power 
and  direction ;  for  if  a  room  be  cleared  of  all  common  magnets, 
then  the  terrestrial  tinea  of  magnetic  force  which  paaa  through 
it,  have  one  common  direction,  being  that  of  the  dip,  as  indi- 
cated by  a  free  needle  or  other  means,  and  arc  in  every  part  in 
equal  proportion  or  quantity,  i.  e.  have  equal  power.  Now  the 
force  being  the  same  everywhere,  the  proportion  of  it  to  the 
current  evolved  in  the  moving  wire  is  then  perhaps  more  simply 
and  directly  determined,  than  in  tbe  case  where,  a  small  magnet 

,  being  employed,  the  force  rapidly  changes  in  amoant  with  tbe 

I  distance. 

>  Plulosopldcnl  Tnuuactions,  1852,  p.  137. 
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%  i.  Galvanometer, 

8178.  For  such  experimental  results  as  I  qov  propose  to  giv^ 
I  must  refer  to  the  galfauomcter  employed  and  the  precantioni 
requisite  for  its  proper  use.  The  ioslruiueut  has  been  already 
described  in  prindpie  (3123.),  and  a  figure  of  the  conductor 
which  surroutids  the  nccdlcB,  givcQ.  Thi»  conductor  maybe 
coiuidcred  as  a  square  copper  bapj  0*3  of  an  inch  in  thickncM^ 
whieh  passes  twice  round  the  plane  of  vibration  of  each  of  the 
needles  forming  the  a«lAttc  combination,  aud  then  i«  continued 
outurards  and  terminates  in  two  descending  portions,  which  arc 
intendnil  to  dip  into  cupn  of  mercury,  As  both  the  nfcdlcs  are 
within  the  couvolutioiu  of  this  bar,  an  indicating  briittlc  or  6ne 
wire  of  copper  is  fixed  paralle!  to,  and  above  them  upon  tho 
same  nxis,  and  this,  in  travelling  over  the  usual  grsdunted  circle^ 
shows  the  place  and  the  extent  of  vibration  or  swing  of  the 
needles  below.  The  suaiwmiion  is  by  cocoon  silk,  and  in  other 
rc»pri:ts  the  ioatrument  ia  Ukc  a  go<Kl  ordinary  galvanometer. 

fil7i).  It  is  higldy  important  that  the  bar  of  copper  about  tbB_ 
needles  should  be  perfectly  clean.     The  vertical  zero  pl»Q« 
should,  according  to  tho  conrtruction,  be  midway  between  the 
two  vertical  coils   of  the  bar,    tig.  1 ;    instead  of  which    the 
needle  at  first  pointed  to  the  one  aide  or  the 
other,  being  evidently  attracted  by  the  upright 
portions  of  the  bai'.     I  at  first  feared  that  the 
copper  was  magnetic,  but  on  cleaning  the 
surfaco  carefully  with  fine  sand-paper,  I  was 
able  to  tcmore  this  effect,  due  no  doubt  to 
iron  communicated  by  handling  or  the  use  of 
tools,  and  the  nccdlc  then  stood  truly  in  a 
plane  equidistant  from  the  two  coils,  when 
that  plane  corresponded  with   the  magnetic 
meridian. 

3180.  The  connexions  for  this  galvanometer  (3123.3133.) 
were  all  of  copper  rod  or  wire  0-2  of  an  inch  in  diameter;  but 
even  with  winra  of  this  thiekncas  the  extent  of  the  conductors 
should  not  be  made  more  than  is  necessary ;  for  the  increase 
from  (i  to  8, 10  or  12  feet  in  length,  makes  a  conaiderablc  dif- 
ference at  the  galvanometer,  when  electric  airrcnts,  low  in  in* 
tensity,  arc  to  be  measured.     It  is  most  beautiftd  to  observe  ia 


Fig.l. 


Dec.  1851-3 


Thick  wire  galvanometer. 
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BQcb  cases  the  application  of  Ohm's  law  of  cnrrCDts  to  the  effccta , 
produced.  When  the  cotincxions  were  extended  to  a  distaiic«y| 
ttndglit  IcD^hs  of  wire  with  dropping  ends  were  proridcd,  and 
these  by  dippiog  into  cups  of  mercury  completed  the  conucxioa 
and  drcait.  The  cups  consistetl  of  cavities  turned  in  flat  piece* 
of  wood.  The  cndn  of  the  eouaccting  nxl-s  and  of  the  gaJr&no- 
meter  bar  were  first  tinned,  iind  then  uuiatg^umated ;  after  which 
their  contact  with  the  mercury  wiut  both  ready  and  certain. 
£vcn  where  connexion  had  to  be  mado  by  contact  of  the  soUd 
subatauccE;  I  found  it  very  convcuiuut  and  c»?rtaiu  to  tin  and 
ftmalgamatc  the  eads  of  the  couductors,  wiping  off  the  excess 
of  mercury.  The  surfaces  thus  prepared  are  always  ready  for 
a  good  and  perfect  contact. 

3181.  When  the  uccdlc  has  taken  up  \Xb  posiKoti  under  tho 
canh'ti  iufludnce,  and  the  copier  coil  ia  adjusted  to  it,  the  needle 
ought  to  stand  at  true  iscrOj  jrnd  appears  so  to  do.  Whcu  that  ia 
really  tbc  case,  equal  forces  applied  in  succession  ou  o]))io8ite 
sides  of  the  needle  (by  two  contrary  currents  through  the  coil 
for  instance)  ought  to  deflect  the  needle  equally  on  both  sides, 
and  they  do  so.  But  aomctimcs,  when  the  needle  appears  to 
stand  at  zero,  it  may  not  be  truly  in  the  maguctie  meridian ; 
for  a  little  torstou  in  the  suspension  thread,  even  though  it  be 
only  10°  or  15°  (for  au  iudilTerent  ncctlle),  and  quite  insensible 
to  the  eye  looking  at  the  magnetic  needle,  docs  deflect  it,  and 
then  the  force  which  oppof^cs  the  swing  of  the  needle,  and 
which  stops  aud  returns  the  needle  towards  zero  (being  due 
both  to  the  torsion  and  the  earth's  force},  is  not  equal  on  the 
two  sides,  and  the  consequence  is,  that  the  extent  of  swing  ia 
the  two  directions  is  not  equal  for  cijual  (lowcrs,  but  is  greater 
on  one  Kidc  than  the  other. 

S183.  I  hare  not  yet  seen  a  galvanometer  which  has  an  ad- 
justment for  the  torsion  of  the  sus[>eri[Uiig  lilamcnt.  Also,  there 
may  be  other  causes,  as  the  presence  nlwut  n  njom,  in  its  walls 
and  otiier  placcR,  of  unknown  masses  of  iron,  which  may  render  the 
forces  ou  opposite  sides  of  the  instrument  xcro  luequal  in  a  slight 
degree  ;  for  these  reasons  it  i»  better  to  make  double  olttetoatioHM, 
AU  the  phenomena  we  have  to  deal  with,  present  elTccts  in  two 
eontrury  directions.  If  a  loop  iiass  over  the  pole  of  a  magnet 
(3133.),  it  produces  a  swing  in  one  direction;  if  it  be  taken 
away,  the  swing  is  iu  the  other  direction;  If  the  rectangles  and 
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rinfct  to  be  dcacribcd  (3192.)  be  rotated  one  vvy,  Ibcy  produce 
one  corrent  j  if  tbe  contrary  vr»y,  the  otbcr  and  contrary  current 
in  proiluccJ.  I  bavc  tlieri'fore,  alvays,  in  menRiiriiiK  tlie  power  of 
a  pole  or  tbe  effect  of  a  rcvoWing  intersecting  wire,  made  many 
obscn-alions  in  botb  directiooa,  eitbernltcmatcly  or  irrcgidarly; 
hare  then  aecertainnl  the  avcrs^c  of  those  tm  tbe  one  side,  and 
also  on  the  other  {which  have  <Uffcred  in  different  eases  from  ^a^h 
to  <^oth  part) ;  and  have  then  taken  the  mean  of  these  averages 
as  the  expression  of  the  power  of  tbe  induced  electric  current,  or 
of  the  magnetic  forces  inducing  it. 

3183.  Cure  must  be  taken  as  to  the  position  of  the  instmmrait 
and  apparatus  connected  with  it,  in  relation  to  a  firo  or  sources 
of  difl'erent  temperatures,  that  pnrts  which  can  generate  thcrrao- 
currents  may  not  become  vanned  or  cooled  in  different  degrees. 
The  iastnunent  ia  cxceeilingty  scn»blc  to  thermo'clcctric  cur- 
rents; the  accidental  fulliut^  of  a  »uu-bcam  upon  one  of  two 
connecting  mercury  cups  for  a  few  moments  disturbed  the  indi- 
cations and  rendered  them  useless  fur  some  time. 

3184.  In  order  to  ascertain  practically,  i.  e.  experimentally, 
tbe  comparative  value  of  degrees  iu  different  parts  of  tbe  scale 
or  gradnation  of  this  itutnuueut  and  so  to  render  it  a  measurer, 
tbe  following  IriaU  were  made.  A  loop  like  tbat  before  de- 
scribed (3133.},  fig.  2,  was  connected  with  the  galvanometer  by 
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Fig.  2. 


commnnications  which  removed  tbe  loop  9  feet  from  the  instru- 
ment, and  it  "visa  then  tixcd.  A  compound  bur-mn^^net  cuii- 
flistiiig  of  two  plates,  each  12  incbea  long,  1  inch  broad,  and 
O'Xi  ill  thickncHfi,  was  selected  of  such  strongtb  as  to  lift,  a  bunch 
of  clean  iron  filings,  averaging  -IS  grains  at  either  extremity. 
Ulocks  were  arranged  at  the  loop,  so  that  this  magnet,  held  in  a 
verticnl  position,  could  have  one  end  passed  downwards  through 
the  loop  until  the  latter  coincided  with  the  equator  of  the  mag- 
net (3101.) ;  after  which  it  could  be  quickly  removed  and  tbe 
same  oporntlon  be  repented  nt  pleasure.  When  the  magnet  was 
tlius  moTtxl,tlic  IiMip  bcnng  uuconnectod  (at  (jiic  of  the  mercury 
cups)  wiUi  the  galvanometer,  there  was  no  sensible  change  uf 
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place  in  the  neodln  ;  the  direct  influence  of  the  magnet  at  thui 
distance  of  9  feet  being  too  small  For  such  an  effect. 

3185.  It  must  bt  well  undcrstoud,  that,  in  all  tUc  observationa 
made  with  tbia  iuHtrumcnt,  the  rteina  is  observed  and  counted. 
as  the  effect  produced,  nnlesR  othnrwise  expressed.  A  constant 
current  in  an  imtrument  will  give  a  constant  and  continunl 
deflection,  hut  such  is  not  the  case  here.  The  curreuts  obtuirrcd 
are  for  short  periods,  and  they  give,  as  it  were,  a  blow  or  push 
to  the  needle,  the  effect  of  which,  in  vmogiag  the  uccdlc,  con- 
tinues to  increase  the  extent  of  the  deflection  long  afVcr  the  cur- 
rent is  over.  Nevertbelesa  the  extent  of  the  awing  is  de[)endent 
on  the  electricity  which  pa.sspd  in  that  brief  current;  and,  as 
the  cxpeiiineuts  seem  to  indicate,  ia  simply  proportional  to  it, 
whetlior  the  electricity  pass  in  a  longer  or  shorter  time  (310-}.}, 
and  notwithstanding  the  comparative  Toriability  of  Uio  current 
in  strength  during  the  time  of  its  conttnuaocc. 

8180.  The  compound  bar  being  introduced  once  into  the  loop 
and  left  there,  the  swing  at  the  galvanometer  was  olwcrvcd  and 
found  to  Ik;  Ifi^;  the  galvanometer  needle  was  then  brought  to 
aero,  and  the  har  rcrooved,  which  gave  a  reverse  current  and 
awing,  and  this  also  was  16".  Many  alternations,  aa  heforo 
descnbcd,  gave  16^  as  the  mean  result,  i.  e.  the  result  of  one 
mtcrscction  of  the  lines  of  force  of  this  magnet  (3102.).  In 
order  to  comprehend  the  manner  in  which  the  effect  of  two  or 
more  Intersections  of  these  lines  of  force  were  added  together, 
it  ahould  be  remembered  that  a  swing  of  the  needle  from  right 
to  left  occupied  some  time  (13  ecconds]  ;  eo  that  one  is  able  to 
introduce  the  magnet  into  the  loop,  tbcn  break  the  electric  cir- 
cnit  by  raising  one  end  of  the  commnuieating  wire  out  of  the 
mercury,  remove  the  magnet,  which  by  this  motion  does  nothing, 
restore  the  mercury  contact,  and  reintroduce  tbc  magnet  into 
the  loop,  before  a  tenth  part  of  tbc  time  has  passed,  daring 
which  tbc  needles,  urged  by  the  first  impulse,  would  swing. 
In  this  way  two  impulses  could  he  ndded  tngether,  mid  their 
joint  effect  on  the  needle  observed;  and,  indeed,  by  practice,  three 
and  even  Four  impuUcs  could  he  ^veu  within  the  needful  time, 
i.e.  within  one-half  or  two-thirds  of  the  time  of  tlie  full  swing; 
hut  of  course  the  latter  impulses  would  have  teas  power  upon 
the  needles  because  these  would  he  more  or  less  oblique  to  the 
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current  in  the  copper  coil  at  the  tirae  ■when  the  impuUtB  were 
given.  There  can  be  no  doubt,  tha.t,  u  rcganlcd  the  currents 
induced  in  the  loop  hy  the  magnet,  they  would  be  cqukl  on  erery 
introduction  of  the  siunc  magnet. 

3187.  Proceeding  in  this  wny  I  obtained  pesalts  for  one, 
two,  three,  and  even  four  introductions  with  the  siune  magnet. 


One  introduction  . 
Two  introductions 
Tliree  introductions 
Four  introdactionB 


31-25 
4fi-87 
CB-30 


Here  the  approximation  to  1,2,8,  4,  cannot  escape  observation' ; 
and  I  may  remark,  that,  whilst  observing  the  place  attained  at 
the  eud  of  a  ntriiig  which  is  retained  only  for  an  instant,  Home 
degree  of  error  must  creep  in ;  and  that  that  error  must  be 
greatest,  in  the  first  number,  where  it  falls  altogether  upon  the 
unit  of  oomporison,  than  in  the  other  observations,  where  only 
one<half  or  onc-thinL  of  it  is  added  to  a  half  or  a  third  of  the 
whole  result.  Thu»,  if  wc  halve  the  arc  for  two  iutruduc--tioDS 
of  the  pole,  it  gives  15°'625  ;  if  wc  take  the  third  of  that  for  throe 
introductions,  it  given  15*'61 ; — numbers  which  arc  almost  iden- 
tical, »o  that  if  the  fir^t  number  was  increased  by  only  (^'6,  the 
proportion  would  be  as  1,  2,  and  3.  The  reason  why  the  fourth, 
which  h  14°'625,  is  less,  may  pcrhapii  be  referred  to  the  cause 
already  assi^ucd,  namely,  the  declination  distance  of  the  needle 
firom  the  coil  when  that  impulse  was  given  (3180.). 

31 SS.  In  order  to  avoid  in  some  degree  this  ease,  and  to  com- 
pare the  degrees  at  the  bcginuiug  uf  the  soak-,  whtc-li  are  most 
important  for  the  comparison  of  future  eiperimeuts  with  one 
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another.  I  took  only  one  of  the  bora  of  ilie  compound  ma^ct 
employed  above  (3UJ4.}.    The  results  were  aa  follows : — 

One  mtroauction 8 

Two  iiitroclucttonft 15*75 

Three  introductions      ....  23-87 

Four  introductions SI'GG 

which  numbers  are  very  closely  as  1,  2j  3  and  4.  If  we  divide 
as  l^ctbre,  wc  have  8°,  7^*87,  f^-OS,  7*-91 ;  so  that  if  only  0-09 
be  substractcd  from  the  first  observation,  or  8°,  it  leaves  that 
simple  result'. 

3189.  Ilcncc  it  appears,  that  in  tbis  mode  of  applying  and 
mcoaunng  the  magnetic  powers,  the  number  of  degrees  of  string 
deflection  are  for  small  arcs  nearly  proportional  to  the  magnetic 
force  which  has  been  bronght  into  action  on  the  moving  wire*. 

8190.  I  have  found  the  needles  veryeoustaut  in  their  strength 
for  days  and  weeks  together.  By  care,  the  constancy  of  their 
slate  for  a  day  is  easily  secured,  and  that  is  all  that  is  rcqnired 
in  comparative  experiments.    Those  which  1  have  in  use  weigh 

'Ma|=iuil  =-0007505  -OfafffieS 
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^  Mr.  CbiutiG  lias  recolli^il  niy  altetitloa  to  n  pnimr  in  the  PliiloMipliicnl 
TraiMncliflni,  IftSS,  p.  M, in  which  lin  Jim  hiVLiKtijntf^il,  at  p.  Ill,  Ac,  ihu 
«ffect  of  wliat  mty  b<i  colled  ms^eto-oicttriL'  iiupuLKO  lu dc-Sc-ctiii(!  thtriuo);^ 
net!cui^edle>  HcfimndUjAtthtj  velucityoflhrpnijtvttaQofthonix^V',  wliicli 
b  A  tnpojim  Df  thu  force  acting  upon  it  nt  tlie  instant  of  its  moving,  will  be 
propi^rtioniil  tv  tlio  dine  uf  LiiLf  tli<i  arc  of  swing.  Mj  rtatciuvnt,  tlicrcfor^, 
would  00  a  gcntml  tijiression  bo  crroapous ;  but  for  «na]l  area  the  nnults  as 
giveo  by  it  am  doI  far  from  tlie  trutli,  Tbo  error  docs  nut  intt^fi-'ne  with  tlio 
f{na«nil  Tcaeoainjt  and  conclusions  uf  the  pnpci' ;  and  no  tba  uumberB  UO  tbo 
results  of  eEperiinvnts,  wbicli,  Lluiiij^li  ui«de  nilli  a  firal  oad  tberelWe  rough 
ajiimnilus,  wore  atill  made  with  soiu«  care,  and  an  expramod  simply  aa  de- 
tlnclioQs,  I  prefer  their  appaanace  aa  tli«y  nro  rather  tbau  ia  aa  altered  Mlatch 
U  r.  Christie  has  b««D  so  kind  as  to  givi>  tiiti  th«  true  Mpriw<Jt>ii  of  forcv  for 
many  of  the  casM,  sad  I  have  ia3«rt«d  the  resnlts  as  foot-notaa  where  th6 
cuee  occur. — Jan.  30, 18C2. 


srs 


Lints  of  terrestrial  maffjutic  force.     [Series  XXIX. 


with  their  axis  and  indicating  wire  0  gnintt;  ami  when  out  of 
the  ccjpper  coil  vibmte  to  and  fro  onoe  iu  2p  seootuli. 

3191.  With  this  iiiatmraeiit  thus  cxamiQcd,  I  repeated  most 
of  the  experimeuts  with   loops  formerly  described    (3133.  &c.) 
with  the  same  results  as  before.     It  was  also  ascertained  that 
the  c(]uator  of  a  regular  bar-magiiet  «as  the  place  at  which  the 

oop  bhould  be  arrvstcdj  to  produce  the  maximum  action ;  and 
that  if  it  came  short  of,  or  parsed  bcjoud  that  place,  the  final 
result  was  less.  EmploTiog  a  magnet  12  inches  long,  when  the 
loop  passed.  o 

2*3  inches  over  the  pole  the  deflection  was 

4'I  inches  over  the  pole  the  deflection  was 

5'1  inches  over  the  pole  the  deflection  was 

6'1  inches  over  the  pole  the  deflection  was 

8'0  inches  orcr  tlic  pole  the  deflcctiuD  was 

0'O  inches  over  tlie  pole  the  deflection  was 

1  ii.  Revolving  Hectimglea  and  Rinffi^. 

3192.  The  form  of  moring  wire  which  1  have  adopted  for 
eipcriincnts  with  the  magnetic  forces  of  the  cartli  (3177.),  is 
either  that  of  a  rcctungic  or  a  ring.  If  a  wire  rectangle  (fig.  3) 
be  placed  ia  a  plaoc,  perpendicular  to  tbc 
dip  and  theu  turned  once  round  the  axis 
a  t>,  the  two  parts  c  d  and  e  f  will  twice  in- 
tersect the  lines  of  magnetic  force  withia 
theareacerf/.  In  the  fir.t  180°  of  revolu- 
tion the  contrary  direction  in  which  the  two 
parts  c  d  and  e  f  intersect  those  lines,  will 
cause  them  to  conspire  in  producing  one  current,  tending 
nin  round  the  rvctaoigle  (101 .)  in  a  given  direction  ;  iu  the  fol- 
lowing 180^  of  revolution  they  will  combine  iu  ttteir  effect  to 
produce  a  contrary  current;  so  that  if  the  first  current  is  irom 

>  A  fiii-nd  hu  poJntnd  out  to  me  that  in  July  1833,  Nobtii  tatiM  i 
uii'Utd  with  mating  rings  or  epinksnl^Mt  to tbs enttli'e  ma^nietic  influeocei 
Uwywvra  MiMCquvnl  Id  nod  consniiamt  apon  mv  own  (>xpL'riiii«Dtii  npan 
twinflag wifM (171.  1-18.)  and  ievolTuipgloti«i(160.)of  JnnuarrlSaa;  bnl 
bo  oxtdodvd  tbc  coiuiderntioiu  to  tbe  Airkttvm  of  tliv  win,  llio  diiimrkr  < 
the  apink  and  the  MWMAm-uf  tine  itpiriils  dvpendrot  upoa  the  IrngtA  of  Uiu  wlif^' 
Tbs  nmUta  (tAbitlat«d>  will  bf  Tound  In  rol.  L  pApo  'Hi,  Jte.  of  tbo  FlorcBM 
oditiao  of  Ua  U^moina — Maieb  1,  1B52. 
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rfby  e«  aad/to  rfiigain,  tlio  second  will  bo  from  rf  by/<  and 
e  to  d.  If  tlte  rectangle^  instead  of  being  closed,  be  oi>cu  at  6, 
aud  the  ends  tberc  productxl  be  connentcd  witli  a  commutator, 
irliicb  changes  eidca  wheu  the  rectatigic  comi-a  into  tlic  piano 
porpoadicnlar  to  the  dip,  i.  e.  at  CTcry  half  revolution,  then  these 
sncccMif'c  currents  can  be  gathered  np  and  acnt  on  to  the  gal- 
Tanometcr  to  be  meaaurcd.  The  parts  ce  and  tt/  of  the  reel- 
angle  majr  be  looked  upon  simply  aa  conductors ;  for  as  tliey  do 
not  in  their  motion  intersect  any  of  the  lines  of  fbioe,  »o  they  do 
not  tend  to  produce  any  current. 

3193.  The  apparatus  which  carries  these  rcctonglw,  and  is 
also  the  commutotor  for  changing  tlic  iuducod  eurrcuts,  consists 
of  two  uprights,  fixed  on  a  wooden  stand,  aud  C-arryiiig  above  a 
wooflcn  horizontal  axle,  one  end  of  which  is  furnished  with  a 
baadtc,  whilst  the  other  projects,  and  in  shaped  as  in  fig.  4.  It 
may  there  be  seen,  that  two  semicylindrical  plates  of  copper  a  b 
are  fixed  on  the  axle,  forming  a  cylinder  round  it,  except  that 
they  do  not  touch  each  other  at  their  cdgC!?,  which  therefore 
Icare  two  lines  of  separation  ou  opposite  sides  of  the  axle.  Two 
strong  copper  rods,  02  of  an  inch  iu  diameter,  itre  fixed  to 
the  lower  part  of  the  upright  c,  terminating  there  iu  sockets 
with  screws  fur  the  puqwse 
of  reedving  the  ends  of  the  *' 

rods  proceeding  £roni  the  gal- 
Tanomcter  cups  (3180.) :  in  ^^ 
the  other  dirccUon  the  roda 
liac  up  parallel  to  each  other, 
and  being  perfectly  straight, 
press  strongly  against  the 
curved  plates  of  the  commu- 
tator on  opposite  sides ;  the 
conscqucuoe  is,  that,  whenercr  in  the  rotation  of  the  axle,  the 
lines  of  separation  between  the  commutator  plates  arrive  at 
and  pass  the  horixoutal  plane,  their  contact  with  these  hearing 
rods  is  changed,  and  consequently  the  direction  of  the  current 
proceeding  from  these  plates  to  the  rods,  aud  so  on  to  the  gal- 
vanometer, is  changed  also.  The  other  or  outer  ends  of  the 
commutator  plates  are  tinned,  for  the  purjKwo  of  beijig  ooiuiected 
by  soldcrtny  to  the  cuds  of  any  rectangle  or  ring  which  ia  to  bo 
subjected  to  experiment. 


^ 
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The  rectangle  itself  is  tied 


slight 


FIg.S. 


vooden  crosn 

(lig>  5),  whicli  has  a  socket  ou  one  ann  that  slides  on  to  and 
orer  the  part  of  the  wuodeu  axlo  (irojccting 
bcyoud  the  comni utator plates,  »to  that  it  aliaLI 
rcrolve  with  the  aslc.  A  small  copper  rod 
fornu  acoutiQUatioD  of  that  part  of  the  frame 
which  occupies  the  place  of  axle,  and  the  end 
of  this  rod  enters  into  a  hole  in  a  separate 
upright,  serring  to  sapport  and  steady  the 
rectangle  and  its  frame.  The  frames  arc  of  tvo  or  three  sizes, 
ao  as  to  receive  rectangles  of  l)i  inches  in  the  aide,  or  even 
lai^cr,  up  to  36  inches  square.  The  rectangle  is  adjusted  in  its 
pUoe,  BO  that  it  shall  be  in  the  hurizoatat  plane  when  the  diW- 
sion  l>ctvccu  the  oominutatar  plates  is  in  the  same  plane,  and 
then  its  extremities  arc  Holdcnxl  to  the  two  commutator  plates, 
one  to  each.  It  is  now  evident,  that  when'  dealing  with  the 
Uqcs  of  force  of  the  earth,  or  any  other  Uqcs,  the  axle  has  only 
to  be  turned  until  the  upright  copper  rods  touch  ou  each  side  at 
the  separation  of  the  commutator  plates,  aud  then  the  instrunicnt 
adjtifited  in  position,  so  that  the  plane  of  the  riug  or  rectangle  is 
perpeiHlicular  to  the  direction  of  the  Hues  of  force  which  are  to 
be  examined,  and  then  anjr  revolution  of  the  commutator  and 
intersecting  wire  will  produce  the  maximum  cnrreut  which  such 
wire  and  such  magnetic  force  can  produce.  The  hues  of  ter- 
restrial magnetic  force  ore  inclined  at  an  angle  of  6U°  to  the 
horiiontal  plane.  As,  however,  only  comparative  results  were 
required,  the  instrument  wai,  in  all  tlic  ensuing  experimental 
placed  in  the  horiiontul  plane,  with  the  axis  of  rotation  perpen- 
dicular to  the  plane  of  the  magnetic  meridian ;  under  whirh  eir- 
cumatouccs  no  cause  of  error  or  varintiou  was  introduced  into  tho 
results.  As  no  extra  magnet  was  employed,  the  commutator  wi»^ 
placed  within  3  feet  of  the  galvanometer,  so  that  two  pieces  of 
copper  wire  3  fort  long  and  0-:ii  of  an  inch  in  thickness,  sufficed  to 
complete  the  communication.  One  cud  of  each  of  these  dipped 
into  the  galvanometer  raurcurj-  cup»,  the  other  cuds  were  tinual, 
amulgamatcd,  introduced  into  the  sockets  of  the  commutator 
rods  (."lldS.],  snd  secured  by  the  pinching  screw  flig.  4}. 

Ali^.  When  n  given  length  of  wire  is  to  be  disposed  of  in  the 
form  best  suited  to  produce  the  maximum  effect,  then  the  ctr* 
ouiustaiices  to  he  considered  ore  contrary  for  the  esse  of  a  loop 
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to  be  omployed  with  a  small  magnet  (30.  3184.),  and  a  lect- 
anfle  or  otbcr  formed  loop  to  be  employed  with  the  lines  of 
terrestrial  force.  In  the  case  of  the  small  magnet,  n//  tLc  lines 
of  force  belonging  to  it  arc  inclosed  bv  the  loop ;  and  if  tbe  wire 
is  »o  long  that  it  can  be  formed  into  a  loop  of  (two  or  more  con- 
To1ntton«,  and  ret  pass  over  the  pole,  tticn  twice  or  many  times 
tbe  electricity  will  be  erolred  that  a  single  loop  can  produce  (36.) . 
In  the  ca»c  of  the  earth's  force,  the  contrary  result  is  true ;  for 
as  in  circles,  nqusrca,  similar  rectangles,  &c.,  the  areas  inclosed 
arc  OS  tbe  squares  of  the  periphery,  and  the  lines  of  force  inter- 
sected are  as  the  areas,  it  ia  much  better  to  arrange  a  given 
wire  in  one  simple  circuit  than  in  two  or  more  eonrolntions. 
TwelTe  feet  of  wire  in  ouc  square  iutcmecta  in  one  revolution  the 
lines  of  force  passing  through  an  area  of  nine  squnrc  feet,  whilst 
if  arranged  in  a  triple  circuit,  about  a  square  of  one  foot  area,  it 
will  only  intersect  tbe  lines  due  to  that  area ;  and  it  is  thrice  as 
advantageous  to  intersect  tlie  lines  u-ilhiu  nine  square  feet  once, 
as  it  is  to  intersect  those  of  one  square  foot  three  times. 

8196.  A  square  was  prepared,  oonbuning  4  feet  in  length  of 
copper  wire  005  of  an  incli  in  diameter ;  it  inclosed  one  sqimre 
foot  of  area,  and  was  mounted  on  the  commutator  and  connected 
in  the  manner  already  described  (31^.).  Six  rcrolations  of  it 
produced  n  swing  deflection  of  14°  or  15°,  aod  twelve  quick  re- 
volutions were  possible  within  tbe  required  time  (3104.).  llie 
results  of  ffuick  and  tlotc  rcvolutiona  were  first  compared.  Six 
alow  revolutions  gave  o*  the  average  of  several  experiments  15°-B 
awing.  Six  moderate  rcvolutioiis  gave  also  au  average  of  I5°'&; 
six  quiet  revolutions  gave  on  average  of  IS'^'GC.  At  another 
time  twelve  moderate  revolutions  gave  an  average  of  38^*75,  and 
twelve  quick  revolutions  gave  an  average  of  31°'33  swing.  As 
before  explained  (3186.),  the  probable  reason  why  the  quick 
revolutions  gave  a  larger  result  than  the  moderate  or  bIow  reve- 
lations is,  that  in  slow  time  the  later  revolutions  arc  performed 
at  a  period  when  tbe  needle  is  so  far  from  parallel  with  the  cop- 
per coil  of  the  galvanometer,  that  the  impul&es  due  to  them  are 
less  cflectually  exerted.  Hence  a  small  or  moileratc  number  of 
re\'olulioue  and  a  quick  motion  is  best.  The  dificrcuce  in  the 
extreme  case  is  less  than  might  have  been  expected,  and  shows 
that  there  is  no  practical  objoctiou  iu  this  respect  to  the  method 
proposed  of  experimenting  with  the  lines  of  maguetic  force. 
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3197.  Id  order  to  obtain  for  the  prcsout  an  expression  of  the 
power  of  the  earth's  magnetic  force  by  this  rectangle^  obserni- 
tioas  were  matlo  ou  Iwth  sides  ot  zero,  aa  already  recommended 
(S182.)>  N'inu  moderately  quick  direct  revolutions  (i.  e.  as  the 
hftnds  of  the  clock)  gave  as  the  avcrago  of  manv  experiment! 
23**87,  and  nine  rcverec  revolutions  gave  23*-37 ;  the  moan  of 
these  is  2ii^-Gil  for  the  nine  revolutions  of  the  rectangle,  and 
therefore  2^'fi24  per  revolution.  Now  the  six  quick  revolution* 
(319C.)  gave  15"-66,  which  ia  2^-fil  per  rcrolutiou,  and  tlic 
twelve  quick  revolutions  gave  31°*33,  which  is  also  3°*61  per 
revolution;  and  these  results  of  Z°-6'M,  2'*61,  and  2''-fiI,  are 
very  ranch  in  neoordanep>  and  give  great  oonfidcnce  in  this 
method  of  investlgattDg  magnetic  forces '. 

S19tJ.  A  rectangle  was  prepared  of  the  same  length  (4  foct)  of 
the  same  wire,  hut  the  sides  were  respectively  8  and  IG  inches 
(%•  6],  so  that  when  rcrolving  the  in- 
tersecting parts  shuuldhc  onlySinehes  ^^8'^-  IV>7. 
inlciigthiuitleadof  12.  The  area  of  the 
rectangle  was  necessarily  128  square 
inches  instead  of  1  hi.  This  rectangle 
showed  the  samcdilference  of  quick  and  ^ 
slow  rototiona  as  before  (3196.).  When  nine  direct  revolutiona 
were  made,  the  result  was  20°"87  swing.  Nine  reverse  revola- 
tiouH  gave  an  average  ot  20^*23  swiug:  the  mean  U  20°'5G,  or 
2°'284  per  revolutioa.  A  third  rectangle  was  prepared  of  the 
same  length  and  kind  of  wire,  the  sides  of  which  were  re^tpectivcly 
8  and  16  inches  long  (fig.  7),  bat  now  so  revolved  that  the  in- 
tersecting parts  were  IC  inches,  or  twice  as  long  as  before ;  the 
area  of  the  rectangle  remained  the  same,  i.  e.  128  inches.  The 
like  effect  of  slow  and  quick  revolutions  appeared  as  iu  the  former 
cases  (3196,  3198.).  Nine  direct  revolutions  gave  as  the  average 
effect  20°- 75;  and  nine  rcvcnsK  rcvohitiouB  produced  21*'-376; 
the  mean  is  21''*06j  or  2°'34  per  revolution. 
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3199.  Now  2°-34  is  bo  near  to  2''■2&^,  that  they  ma.y  in  the 
prcseot  state  oC  the  inveatigatiou  be  coaaidcrcd  the  same.  The 
little  diCTcrcace  that  is  evident,  was,  I  suspect,  occasioaed  hy 
centrifugal  poirer  throwing  out  the  middle  of  the  longer  iiiter- 
secting  parts  during  tlie  revolution.  The  coincidence  of  the 
Dumhera  shows,  that  the  variation  in  the  arraJigcment  of  the 
rectangle  and  in  the  length  of  thc'parts  of  the  vires  iutersecting 
tlic  lines  of  magnetic  force,  have  had  no  inAncnce  in  altering  tho 
result,  which,  being  dependent  alouc  on  the  number  of  lines  of 
force  intersected,  is  the  anme  for  bothj  for  the  area  of  tho 
rectaiiglea  is  the  same.  TIub  is  stili  further  shown  by  comparing 
the  results  witli  those  obtained  with  the  Hciiiare.  The  area  in 
that  case  was  144  iiquarc  incbca,  and  the  vff<%t  per  rcTolution 
2°'61.  With  the  long  rectangles  the  area  is  I'iH  square  inches, 
and  the  mean  of  the  two  results  islJ^'Sl^  pcrrerolution.  Now 
IM  square  inches  is  to  138  square  inches  as  2^'61  is  to 
2°*82  ;  a  result  so  near  to  2^312  that  it  may  he  here  considered 
na  the  same;  proving  that  the  electric  current  induced  i« 
directly  as  the  lines  of  magnetic  force  intersected  by  the  moving 
wife'. 

3200.  It  may  also  he  perceire^l  that  no  difference  is  produced 
when  the  liucs  of  force  are  cliiefly  disposed  in  tho  direction  of 
the  motion  of  the  wire,  or  else,  chiefly  in  llic  directioti  of  the 
Icuglh  of  the  wire;  i.  e.  uo  alteratious  are  occasioned  by  varia- 
tioua  in  the  veheitp  of  the  motion,  or  of  the  length  of  tho  wire 
prorided  the  amount  of  lines  of  magnetic  force  intersected  re- 
mains the  eame. 

3201 .  Having  a  square  on  the  frame  13  inches  in  the  side  but 
cousistiug  of  copper  wire  O'l  of  au  inch  in  thickneaa,  I  obtained 
the  average  result  of  many  observations  for  one,  two,  three,  four 
and  five  revolutions  of  the  wire. 


'  Oblcoi!  r«cUagLM  of  IS9  tqran  incbM  area  rito  a  mcoa  gf  SO^'Sl  (3106.). 
Hie  rocUuglo  of  M  •qoHi)  inehM  gavo  a  ine&n  of  23^^  (3107.). 
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One  reToItitioD  gave      7         equal  to  7        per  rerolotum. 

Two  revolutions  garc  13'875  equal  to  C'93r  per  revolution. 

ThrecrevolutiousgavoSrorj  ctjual  to  7'02a  per  revolution. 

FourrcrolatioDs  gave  28*637  cqnal  to  7*159  per  revolution. 

five  revolutions  gave  37*637  equal  to  7*527  per  revolutiou. 
Tlictc  results  are  exceedingly  close  upon  each  other,  especially 
for  the  first  SCj  and  confirm  several  of  the  conclusions  before 
drawn  (31K0.  3190.)  as  to  the  indications  of  the  instrument^  the 
amount  of  the  curvc«,  &<.' 

3202.  At  nnother  time  1  compared  the  effect  of  oqunblc  revo- 
liitioiiB  with  other  revotutionn  very  irregnlwr  in  their  rates,  the 
motion  being  ttomctinieii  even  backwards  and  continually  dtffer- 
iii(;  in  dctfcrce  hy  IiIh  anil  starts,  yet  always  so  thut  vithin  the 
proper  time  u  certain  nuoihcr  of  rcroluLioos  should  have  been 
compk-tiHJ.  The  rectangle  was  of  wire  0'2  of  an  inch  thick ;  the 
menu  of  mnny  cx]>criments,  which  were  closely  alike  iu  their 
results,  gave  for  tno  smooth,  equable  rcvolutiounj  17''5,  and 
aUu  for  two  irregular  uiiccrtaiu  revolutions  the  same  amount  of 
17«*fi.  

3203.  The  relation  of  the  current  produced  to  the  mass  of  the 
wire  was  then  examined;  a  relation  nhtch  has  been  investigated 
on  n  former  occasiou  by  loops  and  small  mnguets  (3133.).'  For 
tlio  present  purpose  two  other  equal  squares  were  prepared,  each 
a  foot  in  the  side,  but  the  copper  wire  of  which  they  consisted 
was  rc»poetiveIy  O'l    sud  0*2  of  an  inch  iu  diameter;  so  that 
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Die.  1831.]     Moeiag  rectangUa-^mast  of  the  wire. 

with  tbc  former  rectangle  tbc>-  formed  a  scries  (^  three,  fa&vtng 
the  same  nte,  shape  taiA  area,  but  the  mautes  of  the  moving 
wire  iiicreasiag  in  thu  proportion  of  oac,  four  auil  sixtoeu. 
Wh«u  the  rectangle  of  01  wire  was  employed,  six  dircL-t  revolu- 
tions gave  an  average  rcauU  of  41°'7o>  and  six  to  the  left  ^ve 
46*^-20 ;  tbc  mean  of  tbc  two  t«  14'',  and  this  divided  by  six 
given  7*-33  &*  thedcflection  per  revotiition.  Again,  thrre  dircrt 
revolutions  gave  20'*  1:2,  and  three  revurse  revolutions  :23^'l ;  the 
mean  being  Sl'^-Cl,  and  ibe  deflection  per  revolution  7°'20. 
Tills  i»  verr  clove  lu  tlie former  result  wttb  six  rerolntiou6,  namely 
7^*33,  and  is  a  large  iucreasc  upon  tbc  effect  of  the  rectangle  of 
wire  0-03  in  diameier,  uaiucly  2°61 ;  uevertheless,  it  ia  not  as 
4:1;  nor  could  sueh  n  result  be  expected,  inasmuch  as  tbc  muss 
of  tbc  chief  conductor  rcmaiLied  tbc  name  (DUl*.).  When  tlie 
results  arc  compared  with  those  made  with  like  wires  in  tlio 
form  of  loops,  they  arc  found  to  be  exceedingly  close ;  in  that 
case  the  results  were  an  Mf  to  ^tT'l  (313C.},  wbieb  would  accord 
with  a  ratio  in  tbc  pre«eut  cane  of  2°'C1  to  r^'26 ;  and  it  is  aa 
2°-6]  to  r-242,  almost  identical. 

920V.  Tlic  average  of  tbc  direct  and  reverse  rcTolutiona  is 
seen  above  to  differ  coneitlcrably,  i.  e.  up  to  V  and  Ij°  in  tJie 
higher  ease.  This  doc«  not  indicate  any  error  in  principle,  but 
results  Bimply  from  the  circumstance,  that  wheu  tbe  needles 
were  quiescent  in  tbc  galvanometer,  they  stood  a  little  on  one 
aide  of  icro  (31SS.)>  I  did  not  wish  to  wljust  tbc  instrument 
at  the  time,  as  I  was  watching  for  spontaneous  oltcrutious  of  the 
zero  place,  and  prefer  giving  thy  numlH-rs  as  they  eame  out  in 
tbe  iuveatigatiou,  to  any  peu-and-ink  correction  of  tlie  notes. 

d205.  Tbc  thinl  sunare  of  0*3  wire  gave  Mirh  large  swings, 
that  1  employed  only  a  small  number  of  rciuluuuua.  Three 
direct  revolutions  gave  au  average  of  Zo^-oS ;  three  reverse  re- 
Tolutions  gave  28°'5  ;  tbc  mean  is  27^'01,  and  the  amount  per 
revolution  9*'01.  Again,  two  direct  revoluttous  gave  IT^'S; 
two  reverse  revolutions  gave  IH*;  the  mean  is  17'^75,  and  the 
amount  per  revolution  8'^-87 ;  the  mean  of  the  two  final  results 
ia  8''&-t,  and  is  again  au  increase  on  the  cllect  produced  by  the 
preceding  rectangle  of  w  ire,  only  half  the  diameter  of  the  preseut. 
This  lliickness  of  wire  nas  also  employed  formerly  as  a  loop 
(3130.)  ;  and  if  we  compare  the  results  then  obtained  with  the 
present  results,  it  is  remarkable  bow  near  tlicy  approacli  to  each 
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other ;  a  circnmstoncc  vrhich  leads  to  great  confidence  in  the 
principles  and  practico  of  both  forms  of  exomiuatiou.  When 
wires  having  maaaes  in  the  proportion  of  1,  4  and  IC  were  em* 
plojcd  as  loops,  the  currents  indicated  by  the  gnlTaiiomctcr 
wore  as  TOO,  2*77,  and  8*58;  nov  that  they  are  employed  as 
rectangles  eubject  to  the  earth's  magnetic  power,  they  arc  aa 
1.00,2*78,  and  3-W'. 


320G.  I  formed  a  sqnacCj  12  inches  in  the  side,  of  Four  convo- 
lotious  of  copper  wire  0*(X)  of  an  inch  in  diameter ;  the  single 
wire  which  formed  it  was  consequently  16  feet  lonj;.  Such  a 
rectangle  will,  iu  revohnng,  intersect  the  same  number  of  tines 
of  magnotic  force  aa  the  former  rectangle  made  with  wire  O'l  in 
diameter  (3203.) :  there  will  also  he  the  same  mass  of  wire  in- 
tersecting tlic  lines,  bat,  as  a  conductor,  the  first  wire  has  in 
respect  of  diameter  only  one- fourth  the  conducting  power  of  the 
second }  and  then,  to  increase  the  obatractiou,  it  is  four  times  as 
long.  Six  direct  revolutions  gave  an  average  reault  of  2W'6, 
and  nix  reverse  revolutions  19'^'7;  the  mean  is  2C'15,  and  the 
proportiou  per  revolution  3^*36.  With  the  other  rectangle 
having  cijual  area  and  mosa,  but  a  single  wire  (3203.)  •  the  result 
per  revolution  was  7*-26;  being  above,  though  near  npon  twice 
as  much  as  in  the  present  case.  Hence  for  such  au  cxcellont 
conducting  galvanomt^ter  as  that  described  (3123.  3178.),  the 
jDoriiig  wire  had  bet-ter  be  as  oue  single  thick  wire  rather  than 
as  many  convolutions  of  a  thin  one.  If  it  be,  under  all  varia- 
tions of  circumstances,  the  same  vrirc  for  the  same  area,  then,  of 
course,  two  or  more  convolutions  arc  better  than  one. 
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3207.  It  iras  to  be  expected,  howerer,  that  the  thin  wire  rect- 
angle vonid  produce  a  current  of  tnoir  intimtittj  than  tba.t  in  the 
thick  Tiirc,  tliuiigh  less  in  quaiititr  ;  and  to  prove  Ihia  point  ex- 
perimcntoUr,  I  conucctcd.  the  two  roctuuglus  in  succession  with. 
RhumkorfTii  galvnnomelor  (3080-)>hatiRpf  wire  uiUy  l-t35th  of 
an  inch  in  diameter.  That  of  thu  Hingtu  thick  wins  now  gava 
only  l^'Cfl  of  swing  for  twelve  rcvolutiou*  of  the  rectangle,  or 
0^*138  per  rerolution ;  whilst  the  other  four  convolntions  of 
thin  wire  gare  for  twelve  revolutions  7"'33,  or  0°'61  per  rcvolu- 
tioD.  Xow  the  needles  of  the  two  InBtrumcnta  were  not  very 
diflbrent  tn  weight  and  other  circumGUinccs,  60  that  vithont 
pretending  to  an  acnirate  comparison,  we  miiy  «till  jMrceive  aii 
immense  falling-oft'in  Ixith  cases,  due  to  the  ob<*tTOction  of  the 
fine  wire  iu  the  Khumkorff'a  galvanonu^ter ;  for  the  thick  wire  it 
is  from  7'*26  to  0°-I38,  and  for  the  thiu  wire  from  Z°ZG  to 
0^'61O.  Still  the  thin  wire  rectwigle  hius  lost  far  less  propor- 
tionsteljr  in  jKiwer  than  the  other ;  and  by  this  galvauonietcr  is 
above  four  times  greater  in  efTect  than  the  rectangle  of  thicker 
wire.  Of  the  thick  wire  effect  Icbs  than  afiftitt/i  pAMCs  the  ftno 
wire  galvanometer,  all  the  rest  is  stopped ;  of  the  fine  wire  effect 
more  than  ten  timea  thiii  proportion,  or  between  a  fourth  ami  a 
fiAh  (bocause  of  tiic  higher  intcuaity  of  the  L-urrcnt),  Burmuunta 
the  obstruction  presented  by  the  instrument.  The  qnnntity  of 
electricity  which  really  pa-iHcs  throngh  the  fine  wire  gah-anomctcr 
ia  of  course  far  less  than  in  the  proportion  indicated  above.  The 
thick  wire  coil  makes  nt  the  utmoet  four  convolutions  about  the 
Deeilles,  wherea.i  in  the  fine  wire  coil  there  are  probably  four 
hundred  or  more ;  so  that  the  dectrieity  which  really  traTcla 
forwtud  as  a  current,  is  probably  uot  a  hundredth  part  of  that 
which  would  be  retjuired  to  give  an  equal  deflection  in  the  thick 
wire  galvanometer.  Such  &  circumstance  docs  not  disturb  the 
considcnitions  with  respect  to  the  relative  intensity  of  the 
magneto-electric  currcuts  from  the  two  rectangles,  which  have 
been  stated  above. 

3208.  A  large  square  was  now  constructwl  of  copper  wire  (f'2 
of  an  inch  in  diameter.  The  stiuarc  was  3G  inclies  in  the  side, 
and  therefore  consisted  of  12  feet  of  wire,  and  inclosed  an  arcs  of 
9  square  feet ;  it  was  Attached  to  the  commutator  l^  expedients, 
which  though  sufficient  for  the  prntcnt,  were  not  accurate  in  tho 
adjuatmeuta.     It  produced  u  fine  dTect  upon  the  thick  witc 
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galranometer  (8178.) ;  for  one  revolotion  caused  a  swing  de- 
flection of  80°  or  more  ;  aad  wIicd  its  rotation  was  continaous  the 
needles  were  permanently  deflected  40^  or  50*.  It  was  very  in- 
teresting to  see  bow,  when  this  n>ctaugle  commenced  its  motion 
fnjm  tlic  bomontal  pluae,  tlic  currcut  increased  in  its  intensity 
and  tiicn  dimininlied  a^ain,  the  needles  showing,  tliat  whilst  the 
first  Ifl'^  or  20°  of  revolution  were  being  passed,  there  was  rery 
little  power  exerted  on  them ;  but  tbat  when  it  was  towards,  or 
near  the  90°,  the  power  was  great ;  the  wires  then  intersecting  the 
lilies  of  forre  nearly  at  right  angles,  and  therefore,  wiih  an  equal 
vcloeity,  crossing  the  ^Fcuteat  number  in  a  given  time.  It  w.is 
also  rery  iutvrealiut;,  by  the  same  iudicatiuiu,  to  see  the  tvro  chief 
impulses  f^JlW^.}  given  in  one  wrolution  of  the  rectangle.  Being 
lar^'C  and  niimivo  in  proportiou  to  the  former  wirea,  more  time 
wat  required  for  a  rotation  than  before,  and  the  [Mint  of  time  or 
velocUjf  of  rotation  became  more  eHftentinl.  One  rotnlion  in  a 
second  was  as  muub  as  I  could  well  prodiico.  A  speed  somewhat 
less  than  this  wna  easy,  eonvenicnt  and  quick  enoo^fa ;  it  gave 
for  n  single  revolution  nexr  HO^,  whilst  a  revolution  with  one-half 
or  one-third  the  velocity,  or  less,  gave  only  60*,  50*,  or  even 
smalhir  amounts  of  dellcclion. 

3200.  ObHcrvutions  werC  now  made  on  the  measurement  of 
one  rotation  having  an  easy  quick  velocity.  The  average  of 
lifteidn  obiiervatioiis  to  the  right,  which  came  very  near  to  each 
other,  was  TfP'S^l^;  the  average  of  seventeen  similar  olwerva- 
tions  to  the  left  was  78°-.1H2 ;  and  the  mean  nf  these  rcsuhs,  or 
78°'1114, 1  believe  to  be  u  good  lirst  cxprLiwion  for  lliia  rectangle. 
On  measuring  the  distancea  aeruxa  after  this  result,  I  found  that 
in  one  direction,  i.  e.  across  between  the  intersecting  porlioas  of 
wire,  it  was  rather  less  than  36  inches;  having  therefore  eor- 
rectcd  this  error.  I  repeated  the  obacrvations  and  obtained  the 
result  of  81°-l-l.  Tlic  diffrrcncc  of  2°-83, 1  believe  to  he  a  true 
result  of  the  alteration  and  iDcrcasc  of  the  area  on  making  it 
more  accorately  9  square  feet;  and  it  is  to  me  an  evidence  of 
the  aensibility  and  certainty  of  the  instrument. 

3210.  As  the  twoimpuhn-i  upon  the  needles  in  one  revolution 
{320<S.)  are  here  sensibly  apart  iu  time,  and  as  the  needle  has  na 
evidently  and  necesaarily  left  its  first  place  before  the  second 
impulse  is  iniprowwd  mion  it,  so,  ehat  second  impulse  cannot  be 
ao  cfFeetuul  as  the  first.     I  therefore  observed  the  resulta  with 
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Iislf  a  revolutioii,  and  obtained  a  mean  of  4I°'37  for  tlie  effect. 
TbU  number  evidently  bcluD^s  to  the  first  of  tbe  two  impolsca  of 
one  rfvolution ;  and  if  we  subtract  it  from  Sl"^'!-!,  it  gives  4O°*07 
08  tbc  value  of  the  second  impulse  iiuder  the  cbaiiged  place  of 
tbe  Eieedle.  This  difference  of  the  two  impuUes  of  one  rcTolu- 
ti«n,  namely  -tP'S?  and  ■Mf-OTj  xa  in  perfect  accordance  with 
tbe  results  that  were  to  be  expected. 

3^11.  The  square  of  this  same  copper  •wire,  0'3  in  thickness^ 
emploj-ed  on  n  former  occasion  (3205.),  bad  an  nrtii  of  one  siiuure 
foot,  Nu  tbiit  then  the  lines  of  force  affected  or  affuctlug  the 
moving  wire,  were  ono-niutb  part  of  what  they  arc  iu  the  prescut 
case :  the  effect  then  was  8°*9  \  |icr  revolution.  If,  iu  comparing 
tbcM  c&6c«,  we  take  the  ninth  part  of  til'^'W,  it  gifca  9*04;  a 
number  so  near  the  former,  that  we  may  consider  the  two  rect- 
angles  ax  prorln;^  the  same  result,  and  at  the  »ame  time  the 
truth  of  tbe  statement,  that  tbe  magnclo.eIectric  current  evolnxl 
is  as  the  amount  of  lines  of  force  intersected.  A  ninth  part  of 
the  result  with  the  large  rectangle  (78*-6U),  before  its  area  was 
corrected,  is  8°' "34;  so  that  tbe  one  is  above  and  the  other  Iwluw 
the  amount  of  the  12-incb  rectangle.  As  that  was  not  very 
carefully  adjusted,  nor  indeed  any  of  tbe  arraiigemL-nts  made  as 
yet  with  extreme  accuracj-,  1  bare  little  doubt  that  with  accu- 
rately adjusted  rectangles  the  results  would  be  atrictly  proitor- 
tioaal  to  the  arc  as'. 


8212.  The  moving  wire,  in  place  of  being  formed  into  a  rect- 
angle, may  he  adjiistnl  an  a  ring ;  and  tbpn  the  advantage  ia 
obtained  of  the  largest  ^rca  whicli  agiven  length  of  wire  can  in- 

61*44 
'  Thu  0  MiiMw  foct  roctsniflc  gnvo  8r-44  nn  —,^—  =  sin  4<H72  =  dn  W 
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gsro  '07711,  or  -OTiOS  u  tko  force  of  odq  rorolution;  tKo  first  «f  wLich  ia 
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diilfaieDce  being  about  j^  of  -07714,  or  tbe  wliole  force  of  one  levolution. 
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close,  and  therefore  for  a  uniform  wire,  the  obrtmction  to  the 
induced  current,  as  respects  its  coaducfioQ,  is  tlie  least.     Small 
rluga  of  one  or  several  convolutioas  irill  probably  Ik:  very  valuable 
in  the  cxaminiitiou  of  small  and  local  niagncte  ondcr  different 
circumstances.     One  consisting  of  ten  spirals  of  copper  ifiro 
00.32  of  an  inch  in  diameter,  containing  49  inches,  in  a  ring 
ubuut  I'S  incli  iu  diameter,  garc  but  small  results  under  the 
earth's  influence;  but  when  brought  near  a  horseshoe  magnet 
told,  in  its  effects  for  every  difference  in  distance  or  in  ]>Mition. 
A  biugic  ring  i  inches  in  diameter,  being  made  of  a  coDvotution 
of  cop|)cr  wire  0*2  in  thickness,  van  employed  with  the  earth's 
magnetic  forte  as  befure ;  it  gsvc  as  the  average  of  six  rcvolo- 
tiona  many  times  repeated  5"'9D5,  or  0°'99d  per  revolution. 
For  twelve  revolutions  it  gave  a  mean  of  12°'3rQ  or  1^*031  per 
revolution ' ;  the  mean  of  the  two  results  with  suet  different 
numbers  of  rcvolutiuuH  Ix-iug  1°.     Another  riog,  consietiug  of 
26  convolutions  of  copper  wire  (KH  of  an  inch  in  diameter,  was 
conKtrncted  and  had  a  mean  diameter  of  3*6  or  3'7  inches  ;  it 
oontained  300  inches  in  length  of  nirc.    So  the  masses  of  the 
metal  in  the  two  rings  arc  nearly  the  same,  but  the  latter  wire 
is  singly  only  l-25tfa  of  the  mass  of  the  former.     It  gnve  for 
twelve  revolutions  a  mean  of  G^-25,  or  0°'52  per  revolution. 
With  the  earth's  power  and  the  thick  wire  galvanometer^  it  gave 
therefore  little  more  than  half  the  nmilt  of  the  single  thick  wire 
ring.    Wc  know  from  former  couBidcmtions  (32O(>0>  that  if  the 
800  inches  had  been  made  into  one  single  ring,  it  trould  have 
given  a  very  high  effect  compered  to  the  present. 

3213.  'The  application  of  the  principle  of  the  moving  wire  iu 
the  form  of  a  revolving  rectangle,  mokes  the  investigation  of  con* 
ductiaff  power,  and  the  results  jiroduccd  by  difference  io  the 
nature  of  the  tubstanee,  or  in  diameter,  i.  t.  ma»»,  or  in  length, 
very  easy ;  and  the  obstnietiou  offered  by  those  parts,  which 
moving  not  across  but  parallel  to  the  lines  of  force  (307 1 .),  have 
no  exciting  action  but  perform  the  part  of  conductors  merely, 
might  be  greatly  removed  by  making  them  massive.  They 
might  be  mode  to  shift  upon  the  axle  so  u  to  bear  adjjastment 
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for  difTercDt  lengths  of  vires,  and  the  commutator  might  in  fact 
be  mwlc  to  a  largo  extent  a  general  iiiAtrument. 

3314.  In  looking  forward  to  farther  applications  of  the  prin- 
ciple of  the  moving  wire,  it  docs  not  seem  at  all  unlikely  that  by 
increasetl  delicacy  and  pcrfectiou  of  the  imtrumeut,  hy  increased 
velocity,  liy  continued  motion  for  a  time  in  one  directiou  aud 
then  revenwd  of  the  revolution  with  the  reversal  of  the  direction 
of  tlie  aving,  &c.,  it  may  be  applied  vith  advantage  hereafter  to 
the  investigation  of  the  earth's  magnetic  force  in  different  lati- 
tudes and  places.  To  obtain  the  maximum  effect,  the  axis  of 
rotation  must  be  perpendicular  to  the  lines  of  force,  i.  e.  the  dip. 
It  would  even  he  possible  to  M«rch  for  the  tUnrrfltm  of  the  lines 
of  force,  or  the  dip,  by  making  the  uxis  of  rototiun  vnrialilc  about 
the  line  of  dip,  adjusting  it  in  two  directions  until  there  wan  no 
action  at  the  galvanometer,  and  then  olwcning  tlio  position  o£ 
the  axis ;  a  double  commutator  would  be  required  i-orreaiKMiding 
to  the  lines  of  adjuatmeut,  but  that  is  an  instrument  of  very 
simple  construction. 

§  36.  On  the  anutunl  and  general  (ii»pQsilion  o/  the  Fbrcet  o/  a 
Magnet  when  aasoctaled  with  other  magntt*. 

8315.  Prior  to  further  progress  in  the  cxpcrimcutal  derelop- 
ment  by  amoringwireof  the  disposition  of  the  lines  of  magnetic 
force  pertaining  to  a  magnet,  or  of  the  physical  nature  of  tliis 
power  and  its  pouiblo  mode  of  action  at  a  distance,  it  became 
quite  esftcatinJ  to  know  what  change,  if  any,  took  place  in  the 
amoimt  of  fonw  possessed  by  a  perfect  magnet,  when  nibjeeted 
to  other  magncta  in  favonrablc  or  adverse  positions  ;  and  how 
the  (oroes  combined  together,  or  were  disposed  of,  i.  c.  generally, 
and  in  relation  to  the  principle  already  asserted  and  1  think 
proved,  that  the  power  is  in  every  caac  definite  umler  tboac 
different  conditions.  The  reprcseutation  of  the  magnetic  }uwer 
hy  Uuea  of  force  (3074.),  and  the  employment  of  the  moving 
wire  as  a  test  of  the  force  (3076.),  will  I  think  assist  much  in 
this  investigation, 

3319.  For  siuch  a  purpose  an  ordinary  magnet  is  a  very  irre- 
gnlar  aud  imiwrfoet  source  of  |>ower.  It  not  only,  when  mng- 
uetined  to  a  given  degree,  is  apt  by  slight  circumstances  to  liave 
its  magnetic  power  diminiabcd  or  exalted,  in  a  manner  which 
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may  be  considered  for  the  time,  pcnnaDcnt ;  but  if  placed  in 
ailvcrsc  or  favourable  relations  to  other  magnets,  fix-qiicntly 
adiuita  of  a  considerable  tcmpomry  diraiimtion  or  increase  of  it« 
power  etternally,  whinh  change  disappears  as  soon  as  it  la 
rcmorcd  from  the  neighbunrbood  of  tbc  dominajit  magnet. 
These  cbaitfics  produce  corresponding  effects  upon  the  moving 
wire,  and  tbcy  render  any  magnet  subject  to  them  unfit  for  io- 
ve»tigatioD  in  relation  to  definite  power.  L'ncbangc&blc  mag- 
nets arc,  therefore,  rcqnired,  and  these  are  best  obtained,  as  is 
well  known,  by  iteleeting  good  steel  for  tbe  bars,  and  ihea 
making  them  exceedingly  hard ;  1  therefore  procured  aome 
platca  uf  thin  Ktccl  twelve  iucbcs  lung  und  uuc  incb  broad,  and 
making  tbcm  as  bard  as  I  coulil,  afterwards  magnetized  tbem 
very  earefuliy  and  regularly,  by  two  {Kiwerful  steel  har-magnet«j 
sbuok  tbeiu  together  in  different  aud  advene  positinns  for  a 
little  white,  and  then  examined  the  direction  of  tbefum-x  by  iron 
filings.  Small  cracka  and  irrcgiiUritics  were  in  tbia  way  detected 
in  several  of  them ;  but  two  which  arc  very  regular  in  tbe  dis- 
position of  tbeir  forces  were  selected  for  further  e!i|>cnment,  and 
may  be  distinguished  as  the  subjected  magnetti  1)  and  E. 

3217.  These  two  magnets  were  examined  by  the  moving  loop 
precisely  in  the  manner  before  deacnibt^d  (H 1 33.],  t.  e.  by  passing 
tbc  loop  over  one  of  tlic  poles,  observing  tbc  swing,  removing  it, 
and  again  observing  the  swing  and  taking  an  average  of  many 
results;  tbe  procesa  was  performed  over  both  poles  at  diltcreut 
times.  Tlie  loop  coutuincd  7'25  inches  in  length  of  copper  wire 
01  of  an  inch  in  diameter,  and  wosof  course  emplovcd  in  all  tbe 
folloviug  comparative  experiments  ;  tbc  distance  of  tbc  loop  and 
magnets  from  the  gnlvnnometer  was  9  feet.  For  one  paaaoge 
over  the  pole  cither  on  or  off,  i.  e.  for  one  intersection  of  the 
lines  of  Force  of  the  inaguct  D,  the  galvanometer  deflection  was 
8°'3(>.  For  one  intersection  of  the  lines  of  force  of  the  other 
bar  E,  the  deflection  was  8"-78.  The  two  ham  were  then  placed 
side  by  side  with  like  polcit  together,  and  afterwards  used  as  one 
magnet ;  their  cojoined  power  was  1G°'3,  being  only  (fS-l  leas 
than  the  sum  of  tbe  powers  of  the  two  when  exlimutcd  separately . 
This  iadieatcx  tbat  tbc  component  magnets  do  affect,  and  in  tbia 
position  reduce,  each  other  somcwbut;  but  it  alao  abowa  how 
■mall  the  effect  is  as  compared  with  ordinary  magncta  (3^32.)- 

3218.  Tlic  compound  magnet  D  E  (3217.)  was  now  subjected 
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to  the  close  action  of  another  magnet,  aomctimea  under  odrcrec, 
and  at  other  times  under  favourable  conditionaj  and  was  exa- 
mined by  tlic  loop  a*  to  the  eimi  of  its  power  (not  tlie  direction) 
under  these  circumstances.  For  this  purpose  it  was  lixcii,  and 
another  magnet  A  brought  near^  and  at  tunea  in  contact  with  it, 
in  the  positions  intlicated  by  the  figure  8  ;  the  loop  in  each  case 


being  applied  many  times  to  D  E,  that  a  correct  arcrogc  of  tta 
power  might  be  procured.  The  dominant  ma^et  A  whs  much 
the  stronger  of  the  two,  having  the  power  indicated  by  a  Hwing 
dcH«lioDof23°-74. 

3219.  When  the  relative  poaition  of  tlie  magnets  was  as  at  I, 
then  the  power  of  D  K  was  lG"-37i  when  as  at  U,  the  power 
was  16'^'4j  when  aa  at  3,  it  was  1H°75  ;  and  when  as  at  t,  it 
■Was  17""I8.  All  these  positions  aresuch  as  would  tend  to  raise, 
by  induction,  the  power  of  the  magnet  1)  K/and  they  do  raiw 
it  above  its  (ii-!>t  value,  vfhich  was  IG^'3;  but  it  is  aecu  at  oncO 
how  little  the  first  and  second  positions  elevate  >t ;  and  even  the 
third,  wbieh  presents  the  most  fuvournblc  couditions,  only  in- 
creases the  power  2°45,  wliirh  falls  apain  in  the  fourth  position. 

3220.  Then  the  dominant  magnet  A  wa.1  placed  in  the  same 
positions,  but  with  the  ends  rcvi-Tstrd,  su  as  to  exert  an  adTerse 
ordeprewing  ioflneace;  and  now  the  results  with  D  K  wcrcaa 

follows : — 

Tosition  1 15-87 

Position  2  ....     .  15'68 

Position  3 lfi'37" 

Position  4 1G06 

All  these  arc  n  little  below  the  original  force  of  D  K,  or  16*'3, 
as  they  ought  to  be,  and  show  how  slightly  this  hard  bar-maguct 
is  aflcctcd. 
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3221.  A  soft  irOQ  bar,  now  applied  in  the  first,  secoud  uid 
third  poeitions  intitcad  of  iho  magnet  A,  roised  D  £  to  the  fol- 
lowing Tidnca  K«pcctiTc!.T,  16''-2-l,  16°-43,  and  IS". 

3>!22.  Wheii  an  ordinary  bar-ma^iet  was  employed  instead 
of  the  hard  magnet  B  E,  gteat  cL&ngea  took  place  Thus  a. 
bar  B,  correspond  lug  to  bar  A  in  size  and  general  character, 
waft  cmploj'cd  in  tLc  place  of  the  hard  magnet.  Alone,  B  bad  a 
power  of  Il°-83,  but  n-beu  associated  adversely  vith  A,  as  in 
position  3  (.1218.),  its  power  fell  to  7'^'87,  bt-ing  reduced  nearly 
ouc-lialf.  Tbis  lots  waa  cbicfly  due  to  a  coorciou  iiittrrually,  and 
not  to  a  [lermanent  destruction  of  tbe  state  of  magnet  11 ;  for 
wlicn  A  was  rcmovai,  B  rose  agun  to  13''0G.  Wlicn  It  was 
laid  for  a  fcv  moments  farourably  on  A  and  tbcn  rcmorcd,  it 
was  found  that  the  latter  had  been  raised  to  a  permanetit  exter- 
nal action  of  15^-25. 

32^3.  A  very  bard  steel  bar  R  inches  long,  O'S  broad  and  0*1 
in  thickueas,  given  to  me  by  Dr.  Scorcsby,  vras  magnctixod  and 
then  found,  by  tbe  use  of  tbe  loop,  to  haTe  a  value  at  my  gal- 
vanometer of  6^*88  (3189.).  It  was  submitted  in  position  2  ton 
compound  bar-magnet  like  D  K,  having  a  power  of  ll'"73,  or 
almoet  twice  its  owu  force,  but  vbecfaer  in  tbe  adverse  or  the 
favourable  position,  its  power  was  not  sensibly  altered.  W]icu 
submitted  iu  like  manner  toa  IS-incb  bar-magnet  baring  aforoe 
of  -My-ai,  it  was  raised  to  r*53,  or  lowered  to  B^'Sr,  but  hero 
Uie  dominant  magnet  had  nearly  six  times  the  power  of  the  one 
affected. 

a2S4.  Tbo  varifllHlity  of  fresh  stctd  magnets,  both  in  respect 
of  tUcir  abaotute  degree  of  cicitation  or  charge,  and  also  of  the 
di*po«itiou  of  the  force  externally  or  intenuiUy,  when  their 
degree  of  cx^citation  may  for  the  time  be  considered  as  the  same, 
is  made  very  manifest  by  this  mode  of  eiuuniuatiou  ;  and  the  re- 
sults agree  ndl  with  our  former  knowledge  in  tbis  rcsjicct.  It 
is  equally  manifest,  that  hard  and  inrariabte  magnets  arc  requi- 
site for  a  correct  and  cloae  inrcatigation  of  the  disposition  and 
characters  of  the  magnetic  force.  A  comm<m  soft  bar-magnet 
may  be  considered  as  au  assemblage  of  bard  and  »)ft  porta^ 
disponed  in  a  manner  utterly  uncertain ;  of  which  Mme  parta 
ttdce  a  much  higher  charge  then  othern,  and  change  Icis  under 
the  influence  of  external  magnets;  whiUt,  liocausc  of  the  pre- 
sence of  other  parts  within,  acting  ta  the  keeper  or  tubmagnctj 
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may  BOcm  to  undergo  far  greater  cliangcs  tlion  tlicy  realty 
do.  Hence  the  rnluc  of  these  liard  auil  comparative! j  UH' 
cbangeable  magnetx  which  Scoresbr  describes. 

SS95.  From  these  and  such  results,  it  appears  to  me,  that 
with  perfect,  uiiehaiigcablc  magncta,  aud  usiug  the  term  tine  qf 
/orcein  a  mere repi«»eiitant  of  tlie  force  as  before defioed  (3071. 
3072.),  the  following  nticful  conchtsioiis  may  Ix;  drami. 

3226.  Linca  of  force  of  different  ma^ets  in  fuToiirahlc  posi- 
tions to  each  other  coalesce. 

8227.  There  is  nn  increase  of  the  total  force  of  the  lines  by 
this  oootescenoe;  the  section  between  the  two  associated  poles 
gives  the  same  sum  of  power  as  tliat  of  the  section  of  the  lines 
of  the  invariable  mngTiet  when  it  is  alone  (3217.).  Under  these 
drcumetancCN  there  it,  I  tlunk,  no  doubt  that  the  external  and 
intemiil  forces  of  the  wime  mnguet  have  the  snme  relation  and 
arc  f!i]uivulent  to  each  othcfj  as  was  dcterniine<l  in  a  former  pnrt 
of  these  ReseardicH  (3117.);  and  that  therefore  the  equatorial 
section,  which  represents  the  sum  of  forces  or  lines  of  forces 
passing  through  tbe  magnet^  remains  al»o  unchanged  (3233.). 

822S.  In  this  caao  the  analogy  iritb  two  or  more  voltaic  bat- 
tenea  associated  end  to  end  in  one  circuit  is  perfect.  Probably 
some  effect,  oorrcspondont  to  inteMity  in  the  case  of  the  battericsj 
will  be  found  to  exist  amongst  the  ma^ets. 

3329.  The  increase  of  power  npon  a  magnetic  needle,  or  piece 
of  soft  iron  placed  between  two  opposite,  favonrabic  polw,  i» 
cftnaed  by  concentration  npon  it  of  the  lines  ■which  before  were 
diffused,  and  not  hy  the  addition  of  the  power  represented  by  tlie 
linesof  force  of  one  pole  to  that  of  the  liuesof  force  of  the  other. 
ITicrc  is  no  more  power  represented  by  all  the  lines  of  force 
ihant)eforc;  and  a  line  of  force  ia  not  more 'jiowcrful  bccaiu 
it  coalesces  with  a  line  of  force  of  another  magnet.  In  this  re 
RpRct  the  analogy  with  the  voltaic  pile  is  ftl»o  perfect. 

3230.  A  line  of  magnetic  force  being  considered  as  a  closed 
circuit  (3117.),  passes  in  its  course  through  both  the  magnets^ 
which  arc  for  the  time  placed  so  as  to  act  on  each  other  favour- 
ably, i.  e.  whose  Hues  coincide  and  coalesce.  Coalescence  is  not 
the  addition  of  one  line  of  force  to  another  m  poteer,  but  their 
union  in  common  circuit. 

3231.  A  line  of  force  may  pass  throngh  many  magnets  Tjcfore 
its  circuit  ia  complete  j  and  these  many  magnets  coincide  as  a 
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case  with  that  of  a  single  magoct.  IE  a  tbia  bar-magnet  12 
inches  long  be  examined  by  filing  (3335.)  >  it  will  be  foond  to 
present  the  well-kuowu  heaittiful  system  of  forces,  perfw^tly  simple 
in  its  nrrangeiiicnt.  If  it  be  broken  in  halfj  witlumt  being  »e- 
pnratetl,  and  a^tn  cxiunincd,  the  manner  in  wbichj  from  tbe 
destruction  of  the  coutLuuity,  the  tran^mis^iioa  of  the  force  at 
the  ettuntor  is  interfered  with,  and  many  of  the  lines,  which 
before  were  within  are  made  to  apjxjar  externally  tliere,  is  at 
once  e%'i(leiit,  Pbite  III.  fig.  fi.  Of  those  lines,  which  thus  become 
external,  tiomc  return  back  to  tbe  pole  nhicb  is  nearest  tu  tbe 
ncv  place,  at  'which  the  lines  iaaae  into  the  air,  making  their 
circnit  through  only  one  of  the  halves  of  tlic  lUftgnct;  whiUt 
others  jiroceefl  onward  by  paths  more  or  less  cnrre*!  into  the 
second  h.ilf  of  tbe  magnet,  keeping  generally  the  direction  or 
polarity  which  they  hnd  whilst  within  the  magnet,  and  complete 
their  circuit  through  the  two.  (iratlually  separating  tbe  two 
halves,  and  coutinuiuj;  to  examine  the  course  of  the  lines  of 
force,  it  is  bcantifal  to  obsen-e  how  more  and  more  of  the  lines 
wbieh  issue  from  tbe  two  new  terini nation h,  turn  back  to  tbe 
original  extremities  of  the  bar,  fig.  7,  and  how  the  portion  which 
makes  a  common  circuit  through  the  two  halves  diminishca, 
until  the  halircs  arc  entirely  removed  from  each  other's  influence, 
and  then  become  two  scparntc  and  independent  magnets.  The 
same  process  may  be  repeated  until  there  ore  many  magnnts  in 
place  of  one. 

3232.  AH  this  time  the  amount  of  lines  of  force  ia  the  same  if 
the  fmgoicnts  of  the  bur  preserve  their  full  state  of  magnetism ; 
i.  e.  tbe  sum  of  lines  of  force  in  the  equator  of  «7A«- of  the 
new  magnet)  is  eqiml  to  the  sum  of  lines  of  force  in  the  equator 
of  the  original  nnhrukuu  liar.  1  took  a  ttecl  bar  12  inches  long, 
1  inch  broad  and  0'05  of  nn  inch  thick,  mode  it  rery  hard,  and 
nniguetizcd  it  to  saturation  by  the  use  of  soft  iron  cores  and  a 
helix;  its  pcjwer  was  (["'y.  I  broke  it  into  two  pieces  nearly  in 
tbe  mitldle,  aud  found  the  power  of  these  respectively  b"-^  and 
t>°'80;  indicating  a  fall  not  more  than  wan  to  he  expected  con- 
sidering the  saturated  state  of  the  original  magnet.  When  these 
halves  were  placed  side  by  side,  with  like  poles  together  as  ft 
compound  magnet,  they  had  a  joint  power  of  1 1''06,  which, 
though  it  shows  a  mutual  quelling  iufluence,  is  not  much  beluw 
tbe  sum  of  their  powers  uacertaincd  scpurutcly.     All  this  is  in 
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perfect  faannoQj  with  the  roltaic  Tiattciy,  wbcrc  lincii  of  dynamic 
electric  force  arc  concerned.  If,  bs  is  wrll  known,  wc  Bcparate 
a  buttery  of  20  pair  of  plates  into  two  butteries  of  10  pair,  at 
4  Imtteriea  of  5  pair,  each  of  the  smaller  batteries  can  supply 
an  much  dvnamic  electricity  as  tlie  original  batt<?rj',  providetl  no 
seusible  obstruction  be  throKn  into  the  course  of  the  Hues,  i.  e. 
the  path  of  the  cnrrcot. 

3333.  When,  magnets  arc  placed  in  an  adverse  position,  as 
neither  could  add  power  to  the  other  in  the  foniior  case,  no  now 
each  rctaiiiH  iUi  own  power;  and  the  lines  of  magnetic  toree  re- 
present thin  cQuditiou  aeciirately.  Two  magnets  placed  end 
to  cud  with  like  pules  lo^-Lhcr  urc  in  this  relutiuii ;  aa  ilIso  are 
they  if  placed  with  like  poles  together  side  by  side.  In  the 
latter  case  the  two  acting  as  one  compound  mnguet,  give  a 
system  of  lines  of  force  equal  to  the  8uin  of  the  tiro  separately 
(3232.),  minus  the  portion  which,  as  in  imperfcet  magnets,  ia 
cither  directed  innaida  by  the  softer  porta  or  ccojscb  to  he  excited 
altogether. 

5  37.  Delineation  nf  Lines  of  Magnetic  Force  by  iron  filings. 

3234.  It  ironld  he  a  Yohintarr  and  nimeecHHary  ahnndnnmcnt 
of  mo«t  valuable  aid,  if  lui  ex  peri  mental  ist,  whu  chooses  to  con- 
sider magnetic  power  as  rcprpspntcd  by  lines  of  mngnelio  force, 
were  to  deny  himsL-lf  the  use  of  iron  filings.  By  their  employ, 
ment  he  may  make  many  conditioiLs  of  the  power,  even  in  com- 
plicated  cases,  Tisiblc  to  tlie  eye  at  once  ;  may  trace  the  rarying 
direction  of  the  lines  of  force  and  determine  the  relative  polarity ; 
may  observe  in  which  direction  the  power  is  increasing  or  dimi- 
nishing; and  in  eomplei  sy8tcm.s  may  determine  the  neutral 
points  or  places  where  there  ts  neither  polarity  nor  power,  even 
when  they  occur  in  the  raidat  of  powerful  magnets.  By  tlicir 
use  probable  results  may  be  seen  at  once,  and  many  a  valuable 
suggestion  gained  fur  future  leading  experiments. 

3235.  Nothing  is  simpler  Uiao  to  lay  a  magnet  upon  a  table, 
place  a  flat  piece  of  paper  over  it,  and  then  spriukliiig  iron 
filings  on  the  paper,  to  oWrvc  the  forma  they  assume.  Never- 
theless, to  obtain  the  best  and  most  generally  useful  rraulta,  a 
few  particular  instniclions  may  he  desirable.  The  table  on 
wliick  the  magnet  is  laid  should  be  i[uite  horizoutal  and  btcady. 
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Ueau  ibcald  be  laken,  b^  Uie  nsc  of  tfain  boards  or  UtbB,  or 
otWrvite,  to  bloek  op  rontMl  tlie  magnet,  ao  that  iLc  paper 
vhieb  M  Uid  oTcr  it  thoald  be  level.  The  paper  should  be 
vitfaoat  any  ooeUe  or  bend,  and  perfertly  fiat,  tfa&t  the  fiHogs  may 
be  firee  to  aarame  tbe  poaitioii  which  the  magnet  tcoda  to  gire 
tfccoi.  I  hare  fotuid  wdl-madc  cartridge  or  tliin  dnvina;-pa]>er 
(ood  for  the  parpuac.  It  fthoold  not  be  too  nnooth  is  ordiaaiy 
eaaee,  or  the  filing*,  when  slightly  agitAtod,  mofe  too  freely  to- 
wards the  magnet.  Wnh  rerr  vrrak  or  distant  magnets  I  hare 
femid  nlvered  paper  sometimes  lucful.  The  filings  thoald  be 
dean,  t.  e.  free  from  much  dirt  or  oxide ;  the  latter  form*  the  linn 
bnt  does  not  give  good  delineations.  Th<:  filings  should  lie  distri- 
buted over  tbe  paper  by  meaua  of  a  eicrc  more  or  less  tiuc,  their 
quantity  being  partly  a  matter  of  taste.  It  is  to  be  lemembered, 
howerer,  tbat  the  fiiioga  distorb  in  some  degree  the  cunditiona 
of  the  magnetic  pover  where  they  are  prescntj  an<l  that  in  the 
csm:  of  small  magnets,  as  needles,  a  large  proportion  of  them 
should  be  aroitlcd.  Large  and  also  fine  filings  arc  CfiuaUy  useful 
in  turn,  when  the  object  is  to  preserve  the  forms  obtained.  For 
the  distribation  of  tlie  latter  it  is  better  to  use  a  fine  siere  with 
the  ordinary  fUings  than  to  separate  the  filings  first :  a  better 
distribution  on  the  ]j3{)er  in  olitaincd.  Tlie  filings  being  siflod 
cveuly  on  the  pajier,  the  latter  should  be  tapped  very  lightly  by 
a  small  piece  of  wood,  as  a  peu>holdcr ;  the  taps  being  applied 
wherever  the  particles  are  not  sofficicntly  arranged.  Tbe  taps 
must  bo  pcrpeiidieularly  downwards,  not  obliquely,  so  that  tbe 
parttclos,  whiUt  they  have  the  liberty  of  motiou,  for  on  instant 
arc  not  driven  ont  of  their  places,  and  the  paper  should  be  held 
down  firmly  ut  one  comer,  bo  as  not  to  shifl  right  or  left ;  the 
lines  are  instantly  formed,  especially  with  fine  filings. 

d236.  The  designs  thus  obtaiued  may  be  fixed  in  the  following 
maimer,  and  then  form  very  valuable  rocorcU  of  the  i1isi{xmitioa 
of  the-  forces  ill  any  given  case.  Jjy  turning  ap  two  coraera  of 
the  pnpcr  ou  which  the  filings  rest,  they  may  be  used  as  handles 
to  raiHC  the  paj>cr  upwiirda  frym  the  magnet,  to  be  deposited  on 
a  flat  buiird  or  other  plnne  surfncc-  A  solution  of  one  put  of 
gum  iu  throe  or  four  of  water  having  been  prepared,  a  coat  of 
tills  is  to  bo  applied  equably  by  a  broad  canieMiair  |>ca(nl,  Co  a 
picoo  of  cartridge  iiopcr,  so  na  to  make  it  fairly  wet,  hut  not  to 
Cost  it,  aiul  after  wafting  it  through  the  air  once  or  twice  to  break 
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the  bubbles,  it  is  to  be  laid  carefully  over  tlic  fiUof^,  tUcu  coTered 
with  ten  or  twolvo  foldit  of  equable  boR  paper,  a  board  placed 
orer  tlw  paper^  and  a  balf-huudred  weight  on  the  board  for 
thirty  or  forty  seconds.  Or  elae,  and  for  large  dc^lgus  it  is  a 
better  process,  vhilat  the  papers  arc  held  «o  that  thej  shall  not 
shift  on  each  other,  the  hand  should  be  applied  so  as  to  rut 
with  moderate  pressnrc  OTcr  nil  the  surface  equably  and  in  omI 
direction.  If,  after  that,  the  paper  be  taken  up,  all  the  fiUngi 
will  be  foand  to  adhere  to  it  with  rery  little  injury  to  the  forms 
of  the  lines  delineated ;  and  when  dry  they  arc;  firmly  fixed.  If 
a  little  solution  of  the  rod  fcrroprussiatc  oC  potasHa  and  a  small 
proportion  of  tartaric  acid  be  added  to  the  gum-water,  a  ycltow 
tint  i«  ^ven  to  the  paper,  which  is  not  unpleasant ;  but  bcsid«»1 
that,  prussiau  blue  iti  formed  tuider  erery  particle  of  iron  ;  and 
then  when  the  filings  are  purposely  or  otherwise  displaced,  the 
design  tstili  remains  recorded.  When  the  designs  arc  to  be  pn> 
semd  in  blue  only,  the  gum  may  be  diepensod  with  and  tbc 
red  ftjTTopmfiBiate  solution  only  be  usod. 

3237.  It  must  be  well  imderetood  that  these  forms  give  no 
indication  by  their  appearance  of  the  relative  strength  of  the 
magnetic  force  at  diflercnt  places,  inasmuch  as  the  appearance 
of  the  lines  depends  greatly  npon  the  quantity  of  filings  and  the 
annoont  of  tapping  ;  but  the  direction  and  forms  of  the  lines  are 
well  given,  and  these  indicate,  in  o  considerable  degree,  the  di- 
rection in  which  tbe  forces  increase  and  diminish. 

3338.  Plate  III.  fig.  1,  shows  the  formn  nssumcd  nbont  a  bar- 
magoct.  On  using  alittk:  clcctro-magiict  and  varying  the  strength 
of  the  current  possetl  through  it,  I  could  not  find  that  a  rariation 
in  tbe  strength  of  the  ma^nrt  produced  any  alteration  in  the 
forms  of  the  lines  of  force  external  to  it.  Pig.  2  shows  the  lines 
over  a  pole,  and  fig.  8  those  between  contrary  poles.  The  latter 
accord  with  tlie  magnetic  airree,  as  determined  and  described  by 
Dr.  Roget  and  othera,  with  the  assumption  of  the  poles  as  centres 
of  force.  The  difference  between  them  and  those  belonging  to 
a  continnou.1  magnet,  shown  in  fig.  1,  is  evident.  Figs 't,  5  show 
the  lines  produced  by  short  magnets.  To  the  latter  case  the 
magnet  was  a  steel  disc  aliout  one  inch  in  diameter  and  OOS 
in  thickness.  Fig.  6  ehowe  the  result  when  a  bar-magnet  is 
broken  in  half,  but  not  separated.     Fig.  7  shows  the  development 


of  the  lines  cxtemallj'  at  the  two  ends  as  tlie  halves  are  more 
and  more  neparated  (.1231.).  Figs.  8,  9  and  10  present  the  re- 
sults, with  the  two  lialres  or  iicvr  luagnels  iitdifTcrciit  posttiotu. 
Figs.  II,  1^,  13  and  It  show  the  rcnults  nitli  disc  ma^ets. 
Fig.  15  shows  the  condition  of  a  system  of  m-ngnclic  force  when 
it  18  incto»cd  by  a  lar;ger  one,  and  is  contrarr  to  it.  I-'ig  16 
Hhows  tile  coalescence  of  the  lines  of  force  (.322A.)  when  tlie 
nut;;ncta  arc  ao  placed  that  the  polarities  are  in  aecordancc. 

8239.  Fig.  17  exhibits  the  Lines  of  force  round  u  vertical  wire 
carrying  a  current  of  cicctrictj'.  Whether  the  wire  wm  thick 
or  thin  appeared  to  make  no  diiTLTenee  as  to  lUc  intensilj-of  the 
forties,  the  current  remaining  Che  same.  Fig.  18  re]>reseut8  the 
lines  round  two  like  cnrrents  when  within  mutnnl  influence. 
Fi^.  19  shows  tbc  rcxult  wbcn  a  third  current  is  introduced  ia 
the  contrary  direction.  Fig.  20  preaentt  the  transition  toa  helix 
of  three  eonvoliition!).  Fig.  21  indicates  the  direction  of  the 
lines  within  and  ouUide  the  cud  of  a  e^'1iD(lr!cal  bclitr  ou  a  plane 
through  its  axis.  Fig  22  preseata  the  effect  when  a  Tcry  small 
soft  iron  core  is  within  the  helix. 

33-10.  Fig*.  3.3  and  Zi  give  an  experimental  illustration  of  the 
princi|jk'«  wliieh  I  liavc adopted  in  relation  to  ntiuospheric  mag- 
netism  and  the  general  cause  of  the  daily  rariatioRs,  &c.  (2864. 
2917.).  .\  hcmispliprcofpnrc  nickel  presented  to  mc  by  Dr.  Percy, 
was  siip|)urtL-d  witli  its  Hat  face  uppermost,  and  a  large  ring  sr- 
ran(;ed  round  it  to  carry  paper,  which,  resting  both  on  the  ring 
and  the  nickel,  could  thcu  have  iron  fihugBspriiikled  and  arranged 
in  form  ou  it.  The  end  of  a  bar-maguet  in  the  same  horizontal 
plane  was  adjiiste*!  about  2  inches  from  the  nickel,  and  thus  the 
forms  of  the  lines  o(  force  associated  with  this  pole  could  he  de- 
termiQcd  over  the  place  of  the  nickel  hemisphere,  under  difforeut 
cireurastanees,  or  even  when  it  was  remnvetl.  When  the  nickel 
was  away,  the  forms  of  the  lines  of  force  were  as  in  fig.  2.?; 
when  the  nickel  was  there,  they  were  as  in  fig.  24.  The  appli- 
cation of  a  spirit-lamp  to  the  nickel  whcu  la  its  place,  raised  its 
Icmpcratiire  to  such  a  degree  [aboTC  600^  Pahr.)  that  it  lost  its 
ordinary  magnetic  condition ;  and  then  the  fomu  of  the  lines  of 
force,  aa  shown  hy  filings,  were  the  same  as  if  the  nickel  was 
BWuy,  Uenioviug  the  lamp,  i  was  able  to  obtain  the  disposition 
of  filings  on  successive  pieces  of  paper,  and  as  many  as  four 
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results,  like  fig.  23,  could  be  procured  before  tlie  temperature 
had  sunk  so  much  &s  to  cause  the  productiou  of  lines  of  force 
corresponding  to  fig.  24. 

3241.  These  are  cxactlj  the  same  resatts  with  nickel  as  those 
I  have  assumed  for  the  o^jfjen  of  the  atmosphere.  The  change 
in  the  forms  of  the  lines  about  the  cooling  nickel  in  this  experi- 
ment arc  the  same  changes  as  those  I  have  figured  in  the  type 
globe  of  cooling  air  (2865.  2874.).  Both  nickel  and  oxygen  are 
paramagnetic  bodies,  and  change  in  the  same  direcHoH  by  heating 
and  cooling  ;  and  as  the  period  of  change  vith  oxygen  extends 
through  decrees  above  and  below  common  temperature  (2861)  > 
BO  inflections  of  the  lines  of  force  passing  through  the  atmo- 
sphere, correspondent  to  those  of  the  heating  and  cooling  nickel. 
mtut  take  place  to  some  extent.  It  is  seen  in  the  nickel  results, 
diat  lines  of  force  entirely  outside  of  it  do  not  for  that  reason 
continue  an  underiating  course,  but  are  curved  to  and  fro  in 
consequence  of  the  disposition  of  other  tines  within  the  nickel ;  a 
result,  which,  without  reference  to  either  one  view  or  another  oE 
the  physical  action  of  the  magnetic  force,  must  be  as  true  in  the 
oxygen  case  as  in  the  nickel  case,  because  of  the  definite  character 
of  the  magnetic  force,  whether  represented  by  centres  of  aetiou 
or  by  lines  of  power. 

3242.  Whether  the  amount  of  the  deflection  in  the  coac  of  the 
atmosphere  corresponds  with  the  facts  registered  by  observers, 
is  a  question  which  cannot  be  answered,  I  suppose,  until  we 
know  the  effect  of  very  low  temperatures  upon  the  magnetic  force 
of  the  atmosphere.  In  the  nickel  experiment  the  dcflc<^ion  is 
in  places  30°  or  40° ;  in  nature  the  effect  to  be  accounted  for  is 
not  more  than  13  or  14  minutes. 

Royal  InstUuiion, 
December  20,  185X. 
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On  Ike  Lines  of  Magneikc  Force^. 

That  beautiful  syatem  of  povcr  whicfa  U  made  manifest  in 
the  mngiiet,  aud  wbicli  appear*  to  he  chicflf  developed  in  t1ic 
two  extremities,  thence  called  ordinarilj'  the  magnetic  polp«,  is 
URuallv  nndcreiJ  evident  to  im  in  the  ctute  of  n  particular  magnet 
liy  the  aitractire  or  repulsirr  effect  of  thcMC  pnrta  on  the  conrc- 
«jK)nding  parte  of  another  ma^ict ;  auil  these  actions  hare  been 
employed,  both  to  indicate  the  Uircctiou  iu  which  the  magnetic 
force  18  exerted  aud  also  the  araoiuit  of  the  force  at  different 
dittanccs.  Thun,  if  the  attraction  be  referred  to,  it  may  be  ob- 
wrrcd  either  upon  another  magnet  or  upon  a  {liece  of  soft  iron  ; 
and  thi-  law  which* rcaults,  for  effects  beyond  a  certain  distance, 
ia,  that  tlie  force  in  ijivcnidy  oa  the  Mjuare  of  the  distance. 
When  the  distances  of  the  acting  bodies  from  each  other  it 
smalli  then  thin  law  does  not  hold,  cither  for  the  aurfacc  of  the 
magnets  or  for  any  given  poi]it  within  tlicra. 

It  ia  [nijpoacd  to  employ  a  new  method,  founded  upon 
n  property  of  the  magnetic  forocs  different  from  that  pro- 
ducing attraction  or  repulsiou,  for  the  purposf;  of  ascertaiuiue 
the  direction,  iutenuty,  aud  amount  of  tlic»c  forces, — not  to  the 
distplnccment  of  the  former  mothod,  but  to  be  used  in  con- 
junetitm  with  it;  and  whieli  may  be  highly  iuflucutial  in  the 
lUrther  development  of  tlic  nature  of  this  power,  inasmuch  as 
the  principle  of  action,  though  different,  is  not  Icaa  magnetic 
than  attracliou  aud  rcpulaiou,  not  Icxfl  strict,  and  the  results  not 
lesR  definite. 

The  term  line  of  matfnetlc  force  is  intended  to  express  simply 
the  directiun  of  the  force  in  any  given  place,  and  not  auy  phy- 
aical  idea  or  notion  of  the  manner  in  which  the  force  may  be 
there  exerted;  oh  hy  nctions  at  a  distance,  or  pulaationa,  or 
wavu  or  a  current,  or  what  uot.  A  liac  of  magnetic  force  may 
be  defined  to  Ik-  that  line  which  ia  described  fay  a  very  small 
magnetic  ue«<1lc>,  when  it  ia  so  mored  in  either  direction  corrc- 
•pondeut  to  its  length,  thai  the  needle  is  coustautly  a  tangent  to 
the  line  of  tuotiun  ;  or,  it  is  that  line  along  wliich,  if  a  tratia* 
vcj««  wire  be  moved  in  either  direction,  there  ia  no  tendency 

'  Kujftl  liutitutlua  i'rocoediii}^  ^rd  Juawy,  li^SS. 
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to  the  fonnntion  of  an  electric  current  in  the  wire,  wbilat  if 

moved  in  nuy  other  direction  Ihero  is  snch  r  tendency.     TKo 

.direction  of  the«c  lines  about  and  between  onlinarjr  maf^ets  is 

^cosily  represented  in  a  general  manner  by  the  well-known  use  of 

iron  Blings. 

The  propo»cd  method  of  rocogniziufr  and  taking  Account  of 
these  linas  of  force,  ia  to  collect  and  measure  the  electricity  net 
into  motiun  in  the  moving  tratt-iTcrse  wire;,  a  pniccss  entirely 
different  in  its  uatan;  and  atition  to  that  foiiiidcd  on  the  use  of 
a  maguelie  needle.  That  it  may  be  mlvantageoiisly  employed, 
excellent  conductors  are  required ;  and  therefore  those  pro- 
ceeding from  the  moving  wire  to  the  galvauomcter  were  of 
copper  0'3  of  an  inch  in  ihiekness,  ami  as  short  an  was  con- 
venient, llic  gnlvauometcr,  also,  instead  of  including  many 
hnndtx:^  convolutions  of  a  long  fine  wire,  consisted  only  of  about 
48  or  SO  inches  of  such  wire  an  that  dcscrilKd  above,  diitpoeod 
in  two  double  coils  about  tlio  astatic  needle:  and  that  used  in 
tlie  carefnl  research  contained  only  20  inches  in  lengtli  of  a 
copper  bar  0*2  of  an  iucb  nquarc.  These  galvanomctcn  ahowed 
effects  30,  40  or  50  timt»  greater  than  those  constructed  witli 
fine  wire  ;  so  abuundnnt  is  the  quantity  of  electricity  produced 
by  tlic  intersections  of  the  liuca  of  mo^ctic  force,  though  Tery 
low  in  intensitjf 

The  Hues  of  force  already  deiicribed  will,  if  observed  by  iron 
filings  or  a  maguetie  needle  or  otherwise,  be  found  to  start  oiF 
from  one  cud  of  a  bar-mri<;Dct,  and  after  describing  curves  of 
different  magnitudes  through  the  surrouudiiig  space,  to  return  to 
and  set  on  at  tho  other  end  of  tlic  magnet ;  and  thete  forces 
being  regular,  it  is  evident  that  if  a  ring,  it  tittle  larger  than  the 
tuuguet,  be  carried  from  a  distance  townnts  tlie  niaguct  and  over 
one  end  until  it  has  arrived  at  tbc  equatorial  part,  it  will  hare 
inti^r^ectod  oace  all  the  external  lines  ol  force  of  that  magnet. 
Such  rings  were  soldered  on  to  filly  shaped  conductors  connected 
with  the  galvanometer,  and  the  defections  of  the  needle  observed 
for  one,  two,  or  more  such  motions  or  intenicctious  of  the  lines 
of  force:  it  luts  been  found  that  when  every  precaution  was  taken, 
and  ilie  results  at  the  galvanometer  carefully  observed,  the  cfEcct 
there  was  sensibly  proportionate  for  small  or  moderate  arcs  to 
the  number  of  times  the  loop  or  ring  bad  jiassed  over  the  pole. 
In  this  way^  not  oulv  could  the  definite  actions  of  the  inter* 
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ftediiig  vire  be  obscn-efl  and  established,  but  also  one  majpiet 
could  be  cocaparccl  to  another:  wires  o£  different  thickness  and 
of  different  substant-fs  eould  be  compai-cd ;  and  the  scctionii  also 
dcHcribed  by  the  wire  iu  its  journey  could  be  varied.  ftHien  the 
irire  was  the  tiamc  in  Icii^b,  diameter,  and  substance,  no  matter 
■what  ita  course  was  across  the  lines  of  force,  whether  direct  nr 
ubLique,  near  to  or  for  from  the  ]>ulc3  of  the  magnet,  the  result 
was  tJie  same. 

A  eam{)Ouud  bar-nio^et  wo-s  ho  fitted  tip  that  it  could  rcrolve 
uu  its  BXLH,  and  a  broad  circular  copper  ring  was  fixed  on  it  at 
the  middle  distance  or  equator,  m)  as  to  give  a  cylindrical  exterior 
at  that  place.      A  <:(iiipi:r  wire  bcing^  made  fast  to  this  ring 
within,  then  prouecded  to  the  middle  of  the  magnet,  and  aflcr- 
wards  along  its  axis  and  out  at  one  end.    A  socoud  wire 
touched,  by  a  it|)ring  contact,  the  outride  of  the  copper  ring,  and 
WBJi  then  continued  ontwiinls  nix  inches,  after  which  it  ruse  and 
finally  turned  over  the  upper  pole  towards  the  iimt  wire,  and 
was  attached  to  a  cylinder  insulated  from  but  moring  round  it. 
This  eytindcr  and  tlic  wire  passing  tbrougli  it  were  conDCCted 
with  the  galvanometer  BO  that  the  etreutt  was  complete;  but  that 
dreuit  had  its  cuunte  down  the  middle  of  the  magnet,  then  out* 
wards  at  the  equator,  uud  back  again  ou  the  outside,  and  nliilst 
always  perfect,  allowed  the  magnet  to  be  rotated  without  the  ex- 
ternal part  of  the  circuit,  or  the  latter  without  the  tuaguet,  or 
both  together.     When  the  inngnct  and  external  wire  were  re- 
volrcd  together,  as  one  arrangement  fixed  iu  its  parts,  there  wna 
no  cfTcct  at  the  giilraiiometcr,  however  loug  the  rotation  was 
continucxl.     When  tlic  mag^notwitb  the  internal  wire  made  four 
revolutions,  as  the  hand  of  a  wntch,  the  outer  conductor  bciug 
still,  the  galvanometer  nccdlc  was  deflected  36°  or  Kl^  in  one 
direction :  wbvn  the  magnet  was  still,  and  the  outer  wire  made 
four  revolutions  as  the  hnuds  of  a  wutch,  tlie  galvanometer 
needle  was  deflected  ns  much  as  before  in  the  corUrari/  riirrction : 
and  in  the  more  careful  eKperinienta  tbc  amountof  deQcciiou  for 
four  rcrolutione  was  predscly  tbc  same,  whatever  the  course  of 
the  oMci-nal  wire,  either  dose  to  or  far  off  from  the  pole  of  tho 
magnet.     Thus  it  was  shown,  that  when  the  magnet  and  tits 
wire  revolvrd  in  the  name  dii-ection.  contrarj-  euirentx  of  clee- 
tridty,  exactly  equul  to  uteh  olhcr,  tended  to  be  producctl ;  that 
thoae  ont^ide  rcsnltpil  from  the  int<T>.ection  by  the  outer  ^re  of 
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the  UdCs  of  magnetic  force  external  to  the  magnet ;  ttiat  whcrero 
this  intewection  was  made  the  result  wns  the  eamc  j  aod  that 
there  were  corresponding  lines  of  force  within  the  magnet, 
exactly  equal  in  force  ur  amount  to  those  witliout,  but  in  the 
contniry  direction.  That  in  fact  every  liucof  magnetic  force  is  a 
clo«cd  eiirvc,  which  in  tioine  part  of  ita  coiirHo  )iaasc»  thruugh  Uio 
magnet  to  which  it  belongs.  The  vicinity  of  other  magnets  to 
■tliia  magnet  made  no  diflercuec  in  the  effect,  provided  they  were 
not  moved  during  the  experiments;  and  lu  this  manner  the  non- 
interference of  such  magnets  with  that  under  iuvestigation  wax 
fully  established. 

In  the  foregoing  cases  the  lines  of  force,  belonging  aa  they  did 
to  small  systcma,  rapidly  varied  iu  intrnntty  according  to  their 
distance  from  the  magnet,  by  what  may  be  called  their  divcrgcucc. 
The  earth,  on  the  contrary,  presents  iw,  within  the  limits  of  one 
ciperiment  at  any  one  time,  a  field  of  ec]ual  force.  The  dipping 
needle  indicates  the  direction  or  polarity  of  this  force ;  and  if  vre 
work  in  n  plane  perpendicular  to  the  dip,  then  the  uuiubcr  or 
amount  of  the  lines  of  force  experimented  with  will  be  in  pro- 
portion to  the  area  which  our  apparatus  may  include.  Wires 
were  therefore  formed  into  parallelograms,  iuclosiug  areas  of 
various  extent,  as  one  square  foot,  or  nine  square  feet,  or  any 
other  jiroportion,  and  being  fixed  upon  axes  cquidiataut  from 
two  of  the  side*  could  havethcac  axes  adjusted  perpendicular  to 
the  line  of  dip  and  could  then  be  revolved.  A  eornmutator  was 
employed,  and  astioeiatcd  both  with  the  galvanometer  and  the 
paraJIelogranu,  so  that  the  upper  part  of  the  revolving  wire 
always  sent  the  current  induced  in  it  in  the  same  direction. 
Here  it  was  found  that  rotation  iu  one  direction  gaie  one  electric 
rurrent;  that  rotation  in  the  reverse  direction  giire  the  contrary 
current;  that  the  efteet  at  thegalranonH'tt-r  wslh  proportionate  to 
ttic  number  of  rotations  with  the  same  rectangle;  tlutt  with 
different  sized  rectangles  of  the  siuuc  wire  the  effect  wna  propor- 
tionate to  the  area  of  the  rectangle,  i.  c.  the  number  of  currea 
intcrecctod,  &c. 

AH  these  and  other  results  are  more  fully  stated  and  proved  in 
papers  sent  to  the  Roval  Society'.  The  gcncfal  couclusiona 
arc,  that  the  magnetic  lines  of  force  may  he  easily  recognized  and 
taken  account  of  by  the  moving  wire,  both  as  to  direelioH  and 
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intemily,  witliia  mcUls^  iron  or  ma^et8,  as  well  tu  in  tlie  space 
urouuti ;  aud  that  tlie  wire  sums  up  tbe  action  of  many  lines  ia 
one  result : — that  the  lines  of  forces  well  represent  the  na4ure, 
condition,  direction,  and  amoutU  of  the  magnetic  forces: — tliat 
tlic  eScct  is  direct!}*  os  the  number  of  liuc*  of  force  iotcncctedj 
whether  the  intersection  he  direct  or  oblique  : — that  in  a  field  of 
cqiial  force,  it  is  directly  as  the  VKlocity ;  or  an  the  ieitglh  of  the 
moving  wire;  or  as  the  maiu  of  the  wire: — ^tliat  the  external 
power  of  an  uuchaogeulilc  magnet  is  dejiuite  yet  illixuituhlo  in 
extent ;  and  thnt  aay  acctiou  of  uU  the  Uiies  of  force  U  equal  to 
any  other  section  : — that  the  lines  of  force  within  the  maKUct  arc 
equal  to  those  » ithoiit ;  and  also  that  they  are  coiitinuouii  with 
thoee  without,  the  lines  of  force  being  closed  curres. 
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IfoTS. — ^Thc  foUoTing  paper  contains  so  much  of  a  speculatira 
and  hypothetical  nature,  that  I  hare  thought  it  more  fitted  for 
the  paj^cs  of  the  PbiloAopliioal  Magadnc  thnn  those  of  the  Phi- 
losopliical  TranHactious,  StitI  it  is  so  cnnncctcii  with,  nad  dc- 
pendent  upon  former  researchcsj  that  I  hare  cotitiuued  the 
system  and  series  of  paragraph  uumhers  from  them  to  it.  I 
beg,  therefore,  to  inform  the  reader,  that  IIoim:  iu  the  Iiody  of 
the  text  refer  chiefly  to  papers  already  published,  or  ordere<l  for 
publicatiou,  iu  the  Philosophical  TraiiBactiuun ;  and  that  thej 
are  uot  quite  essential  lo  him  in  the  reading  of  the  present  piijier, 
unless  he  is  led  to  a  serious  eonsidcration  of  its  contents.  The 
paper,  as  is  cvidcut,  fnUovnt  Scnc»  xsvili.  and  xxix.,  now  printing 
in  the  Philosophical  Tranaactions,  and  dcpcndn  much  for  its  ex- 
perimental support  upon  the  more  strict  results  and  eonclusious 
contained  in  them. 


3243.  I  hare  recently  been  engaged  in  describing  and  defining 
the  lines  of  magnetic  force  (3070.).  i.  e.  those  Xvma  which  are 
indieated  in  a  general  manner  by  the  disposition  of  iron  filings 
or  smalt  magnetic  needles,  aroutid  or  hctweco  magnets  ;  and  I 
have  shown,  I  hope  satisDictorily,  Iiovr  these  lines  may  be  takeu 
as  exact  reprcscntouta  of  the  maguctic  power,  both  as  todispofii- 
lion  and  amount ;  also  how  they  may  be  rceoi;»i&cd  by  a  moving 
wire  in  a  manner  altogether  different  in  principle  from  the  io- 
dicationa  giveii  by  a  niaguclic  needle,  and  iu  numerous  eases 
with  great  and  peculiar  advantages.  The  definition  then  giren 
had  DO  reference  to  the  physical  nature  of  the  force  at  the  place 
of  action,  and  will  apply  with  equal  accuracy  whatever  tliat  may 
be ;  and  this  being  very  thoroughly  uudcrstood,  I  am  now  about 
to  leave  the  strict  line  of  rcanoning  for  a  time,  and  enter  upon  a 
fvw  speculation!!  respecting  the  physical  rharacter  of  the  lines  of 
force,  and  the  manucr  iu  which  they  may  be  supposed  to  be  con- 
tinued through  Hpacc.  We  are  obliged  to  cuter  into  such 
speculatioQB  with  regard  to  numcroue  natural  powers,  and,  iu- 

'  Philosophical  Matjaiiiie  tbr  Juiw  16ll»2. 
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(Icwl,  tbat  of  groTity  is  the  only  iustaiice  wlierc  tUey  are  appa- 
rently shut  out. 

32 1-1.  It  is  not  to  bo  suppoiKxl  for  a  uiomciit  Hint  ftpcciiUtions 
of  this  kiuil  arc  useU-»s,  or  uccessanly  liurtftil,  iu  natural  jibilo- 
aophy.  Tkey  should  ercr  be  held  as  doubtful,  nnd  linblc  In 
error  and  to  change  ;  but  they  arc  wonderful,  aids  bi  the  hands 
of  tlie  exptTuiicutaliKt  nml  mathcmaticiRn.  For  not  only  arc  they 
useful  iu  reudcriug  the  vague  idea  more  elcoi-  for  the  time,  giv-ing 
it  something  like  a  deRiiite  tthape,  that  it  niay  be  submitted  to 
experiment  and  calculation  ;  but  they  lead  on,  by  deduction  ajid 
correction,  to  the  discovery  of  new  phenomena,  iuid  so  eause  an 
increase  and  advance  of  real  physical  trulli,  which,  unlike  the 
hypothi^xis  that  led  to  il,  becomes  fundameutal  knowletlgc  not 
subject  to  change.  Who  is  not  aware  of  the  remarkable  pro. 
grc:^9  in  the  development  of  the  nature  of  light  aud  radiation  in 
modem  times,  ami  the  extent  to  which  that  progress  has  been 
aided  by  the  byputhcsesbuLh  of  emission  and  undulation  ?  Such 
considerations  form  my  excuse  for  pJitcring  now  aiid  then  ujion 
spccniationa ;  but  though  I  value  them  highly  when  cautiously 
advaneixl,  I  consider  it  as  an  essential  rharacter  of  a  oound  miud 
to  hold  tliem  in  doubt  j  scarcely  giving  them  the  character  of 
opniionsj  but  esteeming  ihcm  merely  iis  probabilities  and  possi- 
bilitii-!!,  and  making  a  very  broad  dietinction  between  them  aud 
the  fuctH  aud  laws  of  nature. 

32-tu.  Iu  the  uumcroua  rases  of  force  acting  at  a  distance,  the 
plilosophfr  has  gradually  learned  that  It  is  by  no  means  nifficirnt 
to  rest  Mti»Red  with  the  mere  fact,  and  has  therefore  directed  his 
Bttenlion  to  the  manner  in  which  the  force  is  ti-ansmitted  acrots 
the  intervcning»paec ;  aud  even  when  he  can  learn  uathing  sure 
of  the  manner,  lie  is  still  able  to  make  clear  disliuctioia  in 
different  cases,  by  what  may  be  called  the  aflcctioas  of  the  lines 
of  power;  and  thus,  by  these  and  other  means,  to  make  di- 
htinctious  in  the  nature  of  the  line«  of  force  of  different  kinds 
of  power  as  compan*d  with  each  other,  and  therefore  l)e- 
tween  the  powers  to  which  they  belong.  In  the  action  of 
gravity,  for  instance,  the  line  of  force  is  a  straight  line  us  for  as 
we  can  test  it  by  the  resultant  phsenomcna.  It  cannot  he  de- 
flected, or  even  affet-ted,  in  its  course.  Neither  is  the  action  iii 
one  line  at  all  inBuenced,  either  in  direction  or  amount,  by  a  like 
action  in  another  line;  i.e.  one  particle  gravitating  towani 
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AQOtlicr  partidc  hns  exactly  the  &amc  amount  of  force  in  tlic 
same  <lircctiuii,  whcttlicr  It  gnivitatt'Hto  tlie  oncalonttor  tonrarda 
uivriuils  uf  otLer  like  [larticles,  exf^rling  iii  llie  latter  case  upon 
each  ouc  of  tliein  a  fofcc  equal  1o  ttial  nliieli  it  can  exert  upon 
the  single  ODC  wlicti  alone  :  the  rc»ult»  of  course  can  combiue, 
but  the  dirccttou  and  amoiLct  of  force  between,  any  two  given 
paiticIcA  remain  inicliangcd.  So  gravity  presents  u»  with  the 
aimplest  cn.te  of  attr»ctioi) ;  and  appearing  to  have  no  relation  to 
any  pliysieal  process  by  whicli  tlic  power  of  tlic  particles  i»  carried 
on  between  tLem,  «ccnis  to  be  a  pure  case  of  attniction  or  action 
at  a  (liataiice,  and  offers  therefore  the  simplest  type  of  the  casCH 
wtiieh  may  l)c  like  it  in  that  respect.  My  objeiit  is  to  consider 
how  far  magnetism  in  such  au  action  at  a  distance  ;  or  how  far 
it  may  partake  of  the  ualnre  of  other  powers,  the  linen  of  vrhicli 
depend,  for  the  communication  of  force,  upon  intermediate  phy- 
sical agencies  (3070.) . 

;WJC.  There  is  one  ijucstion  in  relation  to  grovity,  wbiclij  if 
vo  could  oKccrtnin  or  touch  it,  would  greatly  enlighten  us.  It 
is,  whether  gravitatiun  rcquins  time.  If  it  did,  it  would  show  un* 
dcnialily  that  a  pliyisical  agency  existed  in  the  course  of  the  line 
of  force.  It  sccnw  equally  imjioHjible  to  prove  or  disprove  thin 
iwint ;  since  there  is  no  capability  of  eiispcndlDg,  chnogiug,  or 
ftODihilatiiig  the  pokier  (gravity),  or  annihilating  tbc  matter  in. 
which  the  power  resides. 

3317.  When  we  tura  to  radiation  pliEcnouiena,  then  weobtaui 
the  highest  proof,  that  though  nothing  ponderable  paasefi,  yet 
the  lines  of  force  liavc  a  physical  existence  independent,  in  a 
manner,  of  the  body  radiating,  or  of  the  body  receiving  the  rays. 
They  may  be  Inmed  aside  in  their  course,  and  tben  deviate  from 
a  straight  into  a  bent  or  a  curved  line.  They  may  be  nffcctcd 
in  tlieir  nature  so  as  to  be  turned  on  their  axis,  or  else  to  have 
different  propcrti&s  imprcstted  on  diHercnt  eidce.  TLcirsum  of 
power  is  tunited  j  so  that  if  the  force,  as  it  issues  from  its  source, 
is  directed  on  to  or  detcruiined  upon  a  given  set  of  particles,  or 
in  a  given  direction,  it  cannot  be  in  any  dcgire  ilirected  upon 
other  particles,  or  into  another  direction,  without  being  propor- 
tionately removed  from  the  6rst.  The  lines  have  no  dependence 
upon  a  second  or  reacting  body,  as  in  gravitation;  and  they 
requiretirae  for  their  propagation.  In  all  these  things  they  arc 
in  marked  contra.*t  with  the  lines  of  gravitating  force. 

32-18.  When  wc  turn  to  the  electric  force,  we  arc  presented 
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with  a  very  remarkable  general  condition  iutcrmediate  betvecn 
the  conditions  of  the  two  former  cases.  The  power  (and  it» 
lines)  here  requires  the pretKnec  of  two  or  more  acting  ptirtictos 
or  maasos,  as  iu  the  ca&c  of  grarit;  ;  and  cannot  exist  with  oue 
only,  as  in  the  cnsc  of  light.  But  though  two  particles  arc  rO' 
iliiiHitc,  thoy  mmtt  be  in  au  aiUithetieal  condition  in  respect  uf 
each  QttuT,  and  not,  as  in  the  case  of  g'l-avity,  alike  in  rdatiouto 
the  force.  The  power  is  now  dual ;  there  it  was  simple.  Ito> 
(juiring  two  or  more  particles  like  grarity,  it  is  unlike  ^I'avity  in 
tbat  the  power  is  limited.  One  electro-particle  cannot  affect  a 
second,  thtnl  and  fourth,  a»  much  ait  it  dties  the  first;  to  act 
upon  the  hitter  its  power  must  he  proportionately  removed  from 
the  former,  and  this  limitation  appears  to  exist  as  a  iieccuity 
in  the  dual  character  of  the  force  ;  for  the  two  atates,  or  places, 
or  directions  of  force  must  he  equal  to  each  other. 

32-19.  With  the  electric  force  wo  have  both  the  static  and 
dynainie  state.  I  use  these  words  merely  aa  names,  without 
prctcndini;  to  have  a  clear  notion  of  the  physical  condition  which 
they  seem  meaningly  to  imply.  Whether  there  arc  two  Buida  or 
one.  or  any  fluid  of  electricity,  or  xuch  a  thing  as  may  be  rightly 
called  a  current,  1  do  not  know;  still  there  arc  wcU-cstabhsbcd 
electric  couditiona  and  ctfccts  nhieli  the  worda  atatie,  dyNamic^ 
aud  current  arc  generally  employed  to  express;  and  with  thia 
reservation  they  express  them  as  well  am  any  other.  The  liuea 
of  force  of  the  static  condition  of  electricity  are  present  in  all 
cases  of  induction.  They  terminate  at  the  surfaces  of  the  con- 
ductors uiidei'  induction,  or  at  the  particles  of  non-couducton, 
which,  being  electrified,  are  in  that  condition,  lliey  are  subject 
to  inflection  in  their  course  (1215.  1230.), and  may  be  compressed 
or  rarefied  by  bodice  of  different  inductirc  capacities  (1252. 
1277.) ;  but  they  are  iu  those  eases  affected  by  the  intcrvcniug 
matter;  and  it  is  not  certain  how  the  line  of  electric  force  would 
cxi»t  in  relation  to  a  perfect  vncuum,  t.  e.  whetlier  it  would  he  a 
utraight  line,  as  that  of  gravity  is  ansumcd  to  be,  or  curved  in 
such  a  manner  aa  to  show  something  like  physical  existence 
hcjtaratc  from  the  mere  distant  aetiouii  of  the  surfaces  or  par- 
ticles bounding  or  terminating  the  induction.  >4o  condition  of 
^aalUy  or  jxilarity  has  as  yet  been  discovered  in  the  line  uf  static 
electric  force;  nor  has  any  relation  of  timt  been  eiitabh&hcd  in 
respect  of  it. 

8S50.  The  Uucs  of  force  of-  dynamic  electricity  are  either 
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limited  in  their  extent,  ns  in  the  lowering  by  diBcharge,  or 
otherwise  of  the  inductirc  condition  of  static  electricity;  or 
cndlciis  said  coutinaoua,  as  closed  curves  in  the  case  of  a  voltaic 
circuit.  Jlcing  definite  in  thoir  amount  for  a  given  source,  they 
can  stilt  be  cxpaudcil,  contraetcd,  and  deflected  almost  to  auy 
extent,  accorrling  to  tlie  nature  au^  size  of  the  media  through 
which  they  pass,  anil  to  which  they  have  a  direct  relation.  It  is 
probable  that  matter  is  always  essentially  prcocnt ;  but  the  hypo- 
thetical sBthcr  may  perhaps  be  admitted  here  a?  well  as  cl»ewhcrc. 
No  condition  of  (jualtty  or  polarity  has  as  yet  l»cn  recognised  in 
them.  In  respeet  ot  time,  it  ha»  been  found,  in  the  case  of  a 
Lcydeu  ilischargn.  that  time  is  necessary  cycu  witb  ihi-  beat  con- 
ductors; initccii  there  U  reason  to  think  it  is  as  neccsaiuy  thcro 
aa  in  the  comm  dc|)cudcut  on  bod  coudactLng  media,  as,  for  in- 
stance, in  the  liRhtning  Hash. 

335 1 .  Three  gri^at  <)iatiuction()  at  least  may  be  taken  among 
these  cajiea  of  the  exertion  of  force  at  a  distance  ;  that  of  gravita- 
tion, where  propagation  of  tbc  force  by  physical  liucs  through  the 
intermedialo  space  is  not  supposed  to  exist ;  that  oE  radiation, 
where  the  propagation  does  exist,  and  where  the  propagating  line 
or  ray,  once  produced,  has  existence  iudcpcndcut  cither  of  ita 
souree,  or  termination  ;  and  that  of  eicctncily,  where  the  propa- 
gating process  has  intermediate  existence,  like  a  ray,  but  at  the 
same  time  depends  upon  both  eitromitica  of  the  line  of  force,  or 
upon  conditions  [as  in  the  connected  voltfuc  pile)  cciuivalent  to 
auch  extremities.  Magnetic  action  at  a  distance  has  to  be  com- 
pared with  these.  It  may  he  unlike  any  of  them;  for  who  shall 
say  we  are  aware  uf  all  the  phyttical  mcthodH  or  forms  under 
which  force  is  communicated?  It  Itas  been  aiuumcd,  however, 
by  some,  to  be  a  pure  case  of  force  at  a  distance,  an<)  so  like  that 
of  gravity;  whilst  others  havcconsidereditasbcttcrrcprcMntcd 
by  the  idea  of  etrcams  of  power.  Tho  question  at  present 
appears  to  be,  whether  tlie  lines  of  magnetic  furoe  have  or  have 
nut  a  physical  existence;  and  if  they  have,  whether  such  phy- 
Kical  existence  has  a  static  or  dynamic  form  (3075.  3156.  3173. 

3178.). 

3:253.  The  lines  of  magnetic  force  have  not  as  yet  been 
affected  in  their  qtiatitieg,  i.  *■ .  nothing  analogous  to  the  polariza- 
tioH  of  a  ray  of  hght  or  heal  has  been  impressed  on  ihciu.  A 
relattoD  between  them  and  the  rays  of  light  when  polarized  has 


412 


Ph^ttc^  litKt  of  akiffieiie  force  i —  [JuMl!  l&oZ. 


been  di>c«\-ercd  (3116.)  ' ;  bat  it  in  not  of  atich  a  natnre  •»  to 
give  proof  as  jpl,  dtlicr  that  the  Itnca  of  magnetic  force  bare  m 
sqiante  exiiitetic-e,  ur  tliat  tber  bare  tiot ;  tbon^h  1  thick  the 
facts  are  id  favour  uf  tlic  IbrmtmuppoDition.  The  inrattgntioa 
u  an  open  one,  and  very  important, 

J12i»3.  No  rt-latiou  aitime  to  the  Uuc«  of  mognctio  foroc  baa 
,  yet  twou  discovered.  That  iron  reqiiirea  time  for  its  mag- 
DCttxatioo  is  well  know.  Pliicker  says  the  «am<;  is  the  case  for 
biNtnutb,  bat  1  hare  not  been  able  to  obtain  the  effect  showing 
this  rrault.  If  that  were  the  case,  tbcn  mere  space  with  ita 
R'thcr  Ought  to  have  a  Dimiiar  relation,  for  it  comes  between  hie- 
TCinth  and  iron  (27b7.) ;  and  saeh  a  rciialt  would  ^  far  to  show 
that  the  lines  of  magneticforcc  have  a  Bcparate  physicat  cxiatenee. 
At  present  »uch  results  as  we  havccauuot  be  accepted  as  in  any 
dcfi^ec  proving  the  point  of  time ;  tlioagb  if  that  point  were 
[irovcd,  they  would  moat  probably  come  under  it.  It  may  be  as 
wt'U  to  Htutc,  that  in  the  esse  also  of  the  moving  wire  or  con- 
ductor (125.  3D7C},  time  in  required*.  There  seems  no  hope 
[if  tonching  the  investigation  by  any  method  like  those  we  arc 
able  to  apply  to  a  ray  of  light,  or  to  tlic  current  of  the  Leyden 
discharge ;  but  the  mere  itatcmcnt  of  the  problem  may  help 
tuwnrda  itA  solution. 

325  I.  I  f  an  action  in  curreii  line*  or  directions  could  be  proved 
to  exist  in  the  ease  of  the  lines  of  magnetic  force,  it  would  also 
prove  their  physical  existence  cxtcrual  to  tlie  magnet  ou  which 
ilicy  iiii<:Iit  dipetirl ;  just  a.i  the  same  proof  applies  in  the  case 
of  ntstic  electric  iitcluction  ^  Jlut  the  t>implc  iliejK»ition  of  the 
Uues,  as  tliey  are  «hoivn  by  iron  psrlielen,  cannot  as  yet  be 
brniigbt  in  proof  of  biicIi  a  ciirvjiture,  bccaiist'  thii-  may  be  rlc- 
pindtut  uix)n  tlie  presence  of  tbese  particles  and  their  mutual 
action  on  cftcb  other  aud  the  niairnets  ;  and  it  is  possible  that 
attractiono  and  repulsions  in  ri^ht  lines  might  proflucc  tlic  same 
arrangement.  The  results  th(!rpfufe  olrtttiiicd  by  the  uaoving 
wire  (SOTT).  3174>.) ',  are  more  likely  to  supply  data  fitted  toclu- 
cidiilc  ttiis  point,  when  they  arc  extended,  and  the  true  mngoelic 
relation  of  tbe  uioring  wire  to  the  space  which  it  oecupies  is 
fully  ascci'taiitcd. 

*  PhihMoplilasl  TmiMMtioos,  lA-lt^  p.  1. 

■  U>]MillurBta)  Ko*>«rcb«fs  8vo  wlitioo,  vol.  ii.  |i[i.  101,  W*. 

■  liaio«upli]osl  TrsuaoMiuiw,  MOSb,  p.  Id  >  Ibid.  1852. 
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3255.  The  amouni  of  tlic  Hues  of  magnetic  force,  or  the  force 
which  they  represent,  is  clearly  limited,  and  therefore  quite  un- 
like the  furec  of  gravity  in  that  respect  {33-1-5) ;  and  this  is  true, 
even  though  the  force  of  a  ninguet  iu  free  space  must  be  con- 
ceived of  as  extending  to  incalculnhlc  distances.     ThU  UmitRtion 
in  amount  of  force  appears  to  be  intimately  depriidcnt  upon  the 
dual  nature  of  the  power,  and  is  accompanied  by  a  diapUcemcut 
or  reroovabihty  of  it  from  one  objcet  to  another,  utterly  unlike 
anything  which  occurs  in  cavitation.     The  lines  of  force  abut- 
ting on  one  end  or  pole  of  a  magnet  may  be  changed  in  their 
direction  almont  at  plcasun:  (3238.),  though  the  original  scats  of 
their  further  parts  mnv  otiiervrise  remain  the  ttame.     Fur,  by 
bringing  fresh  termiuak  of  powrar  into  presence,  a  new  disposi- 
tion of  the  force  upnn  them  may  he  ovea<iioned ;  hut  though 
these  may  be  mailCj  cither  in  part  or  cutin-ly,  to  receive  the 
external  power,  and  thus  alter  its  dirccliou,  uo  chauge  in  the 
amouut  of  the  force  is  thus  produced.     And  this  is  the  ease  In 
strict  experimental  whether  the  new  bodies  introduced  arc  sod 
iron  or  magucta  (3218,  3223.) '.     In  this  respect,  therefore,  the 
liues  of  iiinguetic  force  niid  of  electric  force  agree.     Results  of 
this  kind  are  well  shown  in  some  recent  expenments  on  the 
effect  of  iron,  when  passing  by  a  copjicr  wire  in  the  magnetic 
field  of  a  horseshoe  magnet  (2129.  3130.),  and  also  by  the  action 
of  iron  and  magnets  on  each  other  (3218.32->3.). 

325G.  It  is  evident,  I  think,  tlint  the  experimental  data  are 
as  yet  insuBlcieiit  for  a  full  comparison  uf  tlie  various  Uncs  of  < 
povfcr.     They  ilo  not  eiiublc  us  to  conclude,  with  much  a»u-' 
rancc,  whether  the  magnetic  lines  of  force  arc  anaU>f;ous  to  those 
of  gravitation,  or  direct  actions  at  a  distance ;  or  whether,  having ' 
a  physical  existence,  they  ore  more  like  in  their  nature  to  those^ 
of  electric  induction  or  the  electric  cnrreiit.     I  lucllue  at  present 
to  the  latter  \\cv  more  than  to  the  former,  and  will  proceed  to 
the  further  and  future  elucidation  of  the  subject. 


3257.  I  think  1  bare  understood  that  the  mntlicmatieal  ex- 
pression of  tJic  laws  of  magnetic  action  at  adistaiicc  is  the  same 
aa  that  of  the  laws  of  :itaLic  electric  actions;  and  it  ban  been 
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SMUmed  >t  tiinci  that  tbe  •nppowtion  of  tiortli  and  touth  nug* 
DetLnu^  ■prcail  urcr  the  potes  or  napccttfc  mds  of  a  mapiet, 
would  aootmnt  lor  ail  iti  QXtemal  ■ctiooA  dd  otber  nutpieta  or 
bodies.  In  L-itbcr  tbe  ftUtie  or  dyntcrue  new,  or  in  any  other 
▼icw  like  tbcm,  the  exertion  of  the  magnetic  forces  oatwards,  at 
the  po1r«  or  ctidii  of  the  magnet,  muat  be  an  uasential  condition. 
Then,  with  a  (pren  hu-tia^act,  cau  tliew  force*  cxivt  without  a 
mutual  relation  of  the  two,  or  else  a  relation  to  contrary  mag- 
netic forces  of  equal  amount  ortginatuig  in  otbcr  sources  ?  1 
do  not  bcUicre  thcr  can ;  because,  a«  1  hare  shotrn  in  rcentt 
rcaeandieB,  the  sum  of  the  lines  of  force  is  equal  for  any  s«c> 
tion  acrott  tbem  taken  anywhere  cxtemally  t>Pttrpcn  the  polea 
(8109.).  Besides  that,  there  are  many  other  cipcrimcnta]  facts 
which  show  the  relation  and  connexion  of  the  forces  at  one  pole 
to  thoec  at  the  other  * ;  and  tbcrc  i»  aUo  the  analogy  with  static 
electrical  induction,  wlicre  theoneelectricity  cannot  exist  without 
relation  to,  equality  with,  and  dependence  on  the  other.  Krery 
dual  power  appears  suliject  to  llus  law  aa  a  law  of  uectssity.  if 
tlie  uiqxjeite  moffnctic  forces  ctiuld  be  iudciiendcot  of  each  otber, 
then  it  is  evident  that  a  ckargt  with  one  magnetiam  only  is  pos- 
aihle;  hot  snch  a  postibtlity  is  negatived  by  every  known  expe- 
riment and  fact. 

3258.  Hut  HU|>[KMiiu{^  this  necessary  relation,  which  constitutes 
polarity,  to  e\ist>  tlu-u  bow  is  it  sustained  or  ]>cr[uittc<i  in  the 
oaao  of  an  indcpendcut  bar-magDct  situated  in  free  space  f  It 
appears  to  me,  that  the  outer  forces  at  the  poles  c»u  only  hare 
relation  to  each  other  by  curved  hues  uF  force  through  the  aur- 
runuding  space  j  and  I  cannot  eonceire  curred  Uucs  of  force 
without  the  conditions  of  a  physical  rxiHtencc  in  that  interme- 
dinto  space.  If  thry  exist,  it  is  not  by  a  succession  of  particles, 
as  ill  the  caw  of  static  dcctcic  induction  (1215. 1331.),  but  by 
the  coiwlition  of  space  free  from  such  material  particles.  A 
magiuit  placed  in  the  middle  of  the  best  vacuum  we  can  pro- 
dace,  and  whether  that  Tacuuro  be  formed  in  n  space  prcriously 
oecupicil  hy  {uramagnctie  or  dioma^ictic  boditSj  acts  aa  well 
upon  a  needle  aa  if  it  were  surroondcd  by  air,  water  or  ghk»s ; 

*  Tlu  tuuuier  in  which  n  Is/go  jivwcif  ul  lusgoei  drauigM,  orerpowcivi 
and  sna  inrafi  ths  magmtisra  of  s  amsUer  rasgnvt,  whru  it  u  brouglic 
BMt  It  b  (Monal  fimltoiii  wilbeut  leiuAasg  itfpraseau  a  auuW  of  tucb 
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anil  therefore  the«e  tines  exist  in  Much  a  vacuum  as  veil  u 
rticrc  there  is  nuittcr. 

3259.  It  luay  perhaps  be  said  that  there  is  no  proof  of  any 
outer  liucs  of  force,  iu  the  case  of  &  m&fcuct,  except  when  the 
objects  employed  expericnentally  to  shoir  thcno  Hue*,  its  ft  mag- 
netic tiocdle^  soft  irou,  a  muviiig  vire,  or  a  cn'stal  of  bismuthf 
arc  prcKcnt ;  iliat  thcac  bodies,  iu  fact,  catue  and  ilevclo|)C  tho 
lines  ;  just  as  iu  tbc  case  of  ^mrity  no  idea  of  a  line  of  grarita* 
ting  force,  in  respect  of  a  particle  of  matter  by  itself,  can  be 
formed:  tbc  idea  exists  only  when  a  second  pnrlielo  is  con- 
cerned. Wc  ore  dealing,  howerer,  nith  a  dual  povrcr;  and  we 
know  that  wc  cannot  call  into  action,  by  magm^ic  induction 
upon  soft  iron  or  by  electric  currcnta,  or  otherwise,  one  msf* 
nctisni  without  the  other.  Supposing,  therefore,  a  barofeof^ 
iron,  or  another  bar-magnct,  when  brought  end  on  and  near  to 
the  lintt  Rtsj^ct,  did  by  that  approneh  derelope  the  external 
forc«,  the  power  which  thcu  only  wiiuld  become  external  ahould 
produce  a  eorreapondiug  external  force  of  the  contrary  kind  at 
Ithe  opposite  estrcujity,  or  sliould  not.  If  the  first  case  occurs, 
it  should  be  accompanied  by  the  development  of  liuca  of  force 
oquiralcut  to  it  mthin  the  magnet.  But  1  think  we  know,  now, 
that  in  a  very  hard  and  perfect  magnet  there  is  no  change  of 
thiH  kiud  (3223.) .  The  outer  and  ihc  iunvr  lines  of  force  remain 
the  same  iu  amount,  uhetlier  tbc  ficcoudury  magnet  or  the  soft 
iron  is  present  or  away.  It  is  tho  tiispoeition  only  of  the  outer 
Uncs  that  is  changed  ;  their  sum,  and  therefore  the  exiatenctj 
remains  tlie  same.  If  the  Rceond  case  oecui-s,  lliou  the  mugaet, 
if  brokeu  inhalf  under  induction,  should  present  in  it4  fragments 
case  of  absolute  magnetic  charge,  or  charge  with  one  maguctism 
only  (3257.  3201.). 

^3260.  Ur  if  it  be  iniaj^ncd  tor  a  moment,  that  the  two  polari- 
ties of  the  bar-magnet  arc  in  relation  to  each  other,  but  that 
whilst  tiierc  is  no  external  object  to  be  acted  upon  they  are 
related  to  each  other  ttiroiigb  the  magnet  itself  (an  idea  very 
difficult  to  conceive  after  the  experimental  demonstration  of  tbc 
course  of  tho  lines  as  closed  curves  (3117. 3230.)],  still  it  would 
follow,  that  U[>on  the  forces  being  determined  externally,  a 
change  iu  the  sum  of  force  both  within  and  without  the  magnet 
should  be  caused.  We  can  now,  however,  take  eogniKance  of 
both  these  portions  of  force:  and  it  appears  that,  with  a  good 
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mo^ct,  vlicthcr  aloDO  or  under  tlic  iuAucDcc  of  soft  iron  or 
other  magnoU  uf  fuurfuld  KtrciLgtLj  tite  sum  of  forces  withuut 
(32:^X]^  aud  tlxcrcforc  aim  uitliln  (3117.  3121.)  the  magnet 
remaius  tlie  same. 

3;i61.  If  tlic  tiorthucss  and  soutlincss  be  coti»idcro(1  so  far  in-i 
(Icpcudcut  of  cacU  other  as  to  be  compared  to  two  fluids  diffiuoil 
over  the  two  cuds  of  tho  magnet  {like  the  two  electricities  over  a 
polarised  coU(luclor)jtlLeu  brtr&king  the  magnet  in  half  oii};Iit  to 
leave  the  two  part*,  one  absolutely  or  differentially  north  in 
character,  and  the  other  south.  Each  shoald  not  be  Irath  north 
and  south  in  c(|iiallty  of  pnjportion,  considering  tmly  the  external 
force.  JJut  this  never  hoppeus.  If  it  be  said  that  the  new  frac- 
ture renders  manifcstj  externally,  two  new  poles,  apposite  in 
kind  but  equal  in  force  (which  is  the  fact),  because  of  the  neces- 
sity of  thccasc,  then  the  same  necessity  exiat*  also  for  the  dc^Kin- 
dcncc  and  relation  of  the  original  poles  of  the  original  loogae 
no  matter  n-lmt  or  where  the  fint  source  of  the  |K)wcr  may  be. ' 
But  in  that  case  the  curved  linea  of  force  between  the  poles  of 
the  original  magnet  follow  us  a  cousef|ucncc  ■  and  thccursaturo 
of  thcie  liues  appears  to  mc  to  indicate  their  physical  existeno*'. 

33li2.  If  the  magnetic  polcit  iu  a  bar-magnet  he  supiwsed  to 
exert  some  kind  of  power  internally,  backward,  U£  if  they  were 
centres  of  force,  both  within  and  without  llie  magnet,  by  wliieh 
they  arc  iible,  upon  the  breaking  of  the  mugiiet,  to  clcvL'lope  the 
contrary-  poles  and  their  force,  then  that  power  caimot  be  the 
identical  portion  which  is  at  the  same  time  exerted  externally  ; 
and  if  not  the  same,  tlicu  when  the  magnet  is  brolicn,  the  two 
halveti  ought  to  hare  a  degree  of  north  or  south  chai^.  llicy 
ought  not  to  be  determinate  magnets  having  cquipotentiol  poles. 
But  they  arc  so;  and  wp  may  break  a  hard  mttffnft  in  Aa^/*  whilst 
opposrd  to  another  powerful  magnet  which  ought  most  to  disturb 
the  forces,  and  yet  the  broken  balvcs  ai'c  perfect  raagnct»,  equi- 
valent in  their  polarities,  just  as  if,  when  they  were  made  by 
breaking,  the  dominant  magnet  was  away.  The  power  at  the 
old  poles  is  neither  increased  nor  diminished,  but  rcnuiins  in 
amount  and  iu  polar  direction  unchanged. 

3263.  Falliiis  bark,  then-fore,  up«»H  the  case  of  a  hard,  well- 
made  imd  nrll-ehitr';cd  straight  bar-maj^net,  subject  only  to  its 
own  powers,  it  appears  to  me  that  we  must  cither  deny  the  joint 
external  relation  of  (he  pole*,  and  consider  thorn  as  having  no 
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mataal  tcudciicy  towards  or  action  upon  cad)  otlior,  or  else 
Admit  that  there  is  sitcli  aa  action  exerted  in  or  transmitted  on 
through  cureed  Mncs.  To  deny  such  an  action,  would  be  to  set 
up  a  dislinctiou  bftwceii  the  action  of  Ihe  north  end  of  a  bar 
upon  its  south  end,  and  its  action  upon  tlic  south  end  of  other 
magnets,  which,  in  the  face  of  all  the  oM  espcrimcnti,  and  tlic 
new  ones  made  with  the  juoviDg  wire  (30r6,),  it  appears  to  tne 
iropositibic  to  admit.  To  acknowlcd^  the  action  in  curved  lines, 
to  me  to  imply  nt  oiico  that  the  linos  hnv*;  a  physical  exist- 
It  may  he  a  ribration  of  the  iiy|xjchetieal  atther,  or  a 
state  or  tension  of  that  usther  equivalent  to  either  a  dynamic  or 
a  static  condition ;  or  it  may  be  some  other  state,  which  though 
difficult  to  couceivcj  may  be  equally  distinct  from  the  suppoeed 
non-existence  of  the  line  of  graritatlug  force,  aud  the  iudepen- 
dent  and  separate  existence  of  the  Hue  of  r&iiaut  fijrce  ( Ji 5  ) . 
Still  the  existence  of  the  state  docs  not  appear  to  me  to  be  mere 
anumption  or  hypotbe:*!^,  but  to  folloir  in  hoiqc  ilc;;rcc  a^  a 
consequcucc  of  the  known  condition  of  the  force  coucerucd,  aud 
the  facta  dcpcmleut  ou  it. 

32fi4.  I  have  not  referred  in  the  foregoing  consi derations  to 
the  view  1  Lave  recently  supported  by  experimental  evidence, 
that  the  lines  of  force,  considered  simply  as  rcprcscntaiiLs  of  the 
magnetic  power  {Jill".),  are  cluscd  curves,  passing  in  one  part 
of  their  course  through  the  magnet,  and  in  the  other  part  through 
the  space  around  it.  These  lines  are  identical  in  their  nature, 
qualities  and  amount,  both  within  the  magnet  and  without.  If 
to  these  lines,  as  formerly  define!  (30*1.)^  we  mid  the  idea  of 
physical  existeucc,  and  then  reconsider  such  of  tlic  cnaca  which 
hove  just  been  mentioned  as  come  under  the  new  idea,  it  will  be 
seen  at  once  that  the  probability  of  cun'od  external  lines  of  force, 
and  therefore  of  the  physical  esintenee  of  the  lines,  is  m  great, 
ajwl  even  far  greater,  than  before.  For  now  uo  back  nctiou  in 
the  magnet  could  be  supposed;  and  the  external  relation  and 
dependence  of  the  polarities  (3257.  33G3.}  would,  if  it  were  pos> 
sible,  be  even  more  nccesBary  than  before.  Such  a  view  would 
teud  to  give,  but  not  necessarily,  a  dynamic  form  to  the  idea  of 
magnetic  force;  and  its  close  relation  to  dynamic  electricity  i» 
well  known  (3263.)     This  I  will  proceed  to  examine;  but  before 

'  S»e  E>d«r*«  viaws  of  the  diHpoMtion  of  tli«  ni«giit;Uc  farce ;  also  of  tlie 
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duiug  so,  will  ngain  look  for  a  momeut  at  static  electric  iiiduc- 
tiOQ,  as  a  case  of  the  dual  powers  in  mutual  dependence  by 
curved  lines  of  force,  but  with  tticM;  linca  tcnniiiatnl,  aiul  uot 
cxiatiiig  as  closed  circuits,  Au  electric  couductor  polaJ-i2i.'4  by 
induction,  or  an  iiisulatcdj  unconnected,  rectilineal,  roltaic  (lat- 
tery presents  auch  a  case,  and  reHcmblcs  a  magnet  in  the  diiipD* 
Hitiou  of  the  external  Hues  of  force.  But  the  sustaining  actiou 
(us  regards  the  induction)  being  dependent  upon  the  neocsaoiy 
relation  of  tho  opposite  dual  conditions  of  the  force,  is  external 
to  tho  conductor,  or  the  battery  ;  and  in  such  »  case,  if  the  con- 
ductor or  battery  be  gepnrated  in  the  middle,  no  charge  appears 
there,  nor  any  origin  of  new  lines  of  inductire  force.  This  is, 
no  doubt,  a  consequence  of  the  fact,  that  the  linos  of  static  in* 
ductivc  force  iircuot  continued  internally ;  and,  at  the  same  time, 
a  cause  why  the  two  divided  jwrtions  remain  in  opposite  states 
or  absolutely  charged.  Tn  the  magnet  such  a  division  doet  dc- 
velope  new  external  Uuca  of  force;  which  Iwing  equal  in  amount 
to  those  dependent  on  the  original  pulca,  shows  that  the  lines  of 
force  are  continuous  through  the  body  of  the  magnet,  and  with 
that  continuity  gives  tho  necessary  reason  why  no  alMoltttc  cliargc 
of  northness  or  southncsH  is  found  in  the  two  halves. 

3265.  The  well-known  relation  of  tho  eloctrio  and  magnetic 
forciii  may  Iw  thus  stated.  Let  two  riugs,  lu  plaues  at  right 
angles  to  each  other,  represent  them,  a&  in  Plate  IV  fig.  1.  If 
a  current  of  electricity  be  tent  rouud  the  ring  £  in  the  direction 
marked,  then  lines  of  magnetic  force  will  be  produced,  corrc- 
apondent  to  tho  polarity  indicated  by  a  supposed  magnetic 
neetUe  placed  at  KS,  orin  any  other  part  of  the  ringM  towbidi 
such  a  needle  may  be  supiMwed  to  be  shifted.  Aa  these  ringa 
represent  the  lines  of  clectro-iiynujuic  force  and  of  magnetic 
force  re6|>ectively,  they  will  serre  for  u  standard  of  comparisotk. 
I  havcctscnhcrccallod  tho  electric  current,  or  the  line  of  electro- 
dynamic  force,  "  an  axis  of  power  having  contrary  forces  exactly 
equal  in  amount  in  contrary  directions"  (5 IT.).  The  line  of 
magnetic  force  may  he  dc&cribcd  in  prtdsely  the  same  tenaa;  and 
thc&c  two  axes  of  power,  considered  ae  right  lines,  are  perpeitdi- 
cular  to  each  other ;  witli  this  additional  condition,  wbieh  deter- 
mines their  mutual  direction,  tliat  they  are  separated  by  aright 
line  perpendicular  to  both.  The  meaning  of  the  words  above, 
when  applied  to  the  electric  current,  is  precise,  awl  does  not 
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impW  that  tbo  foroes  nre  contmry  becaun  they  nre  in  nnrene 
directious,  lint  are  cuntrury  in  nature;  the  turning  one  rcnuid, 
enrl  for  end^  would  nut  ut  all  make  it  rcscmblo  the  other ;  a  cou- 
sidcration  vhich  may  have  uiflueucc  with  those  who  ftdmtt  elec- 
tric floids,  and  endeavour  to  decide  wlicther  then;  are  one  or 
two  electricities. 

SMG-  'WhtiD  these  two  axes  of  power  are  oomparetl,  they  hare 
some  remarkable  correspoudeQces,  especially  in  relation  to  their 
position  at  n^ht  angles  to  each  other.  Aa  a  |)Iiysical  fact,  Am- 
pere' and  Davy'  have  shown,  that  an  electric  current  tends  to 
cluugatc  itself;  and,  so  far,  that  may  bo  Doiisiderod  a»  marking 
a  cliaracter  of  the  elvclric  axis  of  power.  Whuu  a  free  magnetic 
needle  near  the  end  of  a  bar-magnet  Snt  poiuts  aud  tbcn  tends 
io  approach  it,  I  sec  in  the  action  a  character  of  the  contrary 
kind  in  the  magnttic  axis  of  power;  for  the  lines  of  niagnctic 
force,  which,  acconlinp  to  my  recent  rescarclics,  arc  common  to 
the  magnet  and  the  needle  (3230.),  arc  shortened,  first  by  the 
mntiun  of  the  needle  when  it  poiiitH,  and  again  by  the  action 
which  causes  the  ucodlu  tu  appniuch  the  magnet.  I  think  I 
may  »ay,  that  all  the  other  actions  of  a  magnet  opon  magnotd, 
or  soft  iron,  or  other  paramagnetic  and  diamognctic  iNKlics,  are 
in  harmony  with  the  some  effect  and  conclusioui. 

3307.  Again  :~like  electric  currents,  or  lines  of  force,  or 
aiM  of  power,  when  iilaoed  side  by  side,  attract  each  other. 
This  is  well  known  and  well  seen,  when  wirea  carrying  such  eur- 
ronte  are  placed  parallel  to  caich  other.  But  like  magnetic  axes 
of  power  or  lines  of  force  repel  each  other:  the  parallel  case  to 
tbal  of  the  ele«ric  currents  is  given,  by  placing  two  magnetic 
needles  side  by  nide  with  like  poles  in  the  same  direction;  and 
by  the  use  of  iron  filingn,  numerous  pictorial  rcprcscutatioua 
(3231.)  of  tlic  same  general  result  may  be  obtained. 

8268.  Now  these  effects  arc  not  merely  contranis  continned 
throngh  two  or  more  different  rclatious,  but  they  arc  contraata 
wliieb  coincide  wlicn  the  (josition  of  tbe  two  axes  of  power  at 
right  angles  to  each  other  are  considered  (1059.  326o.).     Tlic 
■  tendency  to  rhnt/ate  in  the  electric  current,  and  tlie  tendency  to 

I  taterut  separation  of  tbe  magnetic  tines  of  force  which  snrroimd 

I  that  current,  are  both  tendencies  in  the  same  direction,  thongli 

W  they  seem  like  contrasts,  when  the  two  axes  are  considered  out 

L  '  Am.  da  Oum.  ISaa,  roL  xii.  p.  47.  »  i'iiU.  Tnua.  IcOl,  p.  Ififl. 
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of  tlieir  relation  of  mutnal  position ;  and  this,  witli  other  conii- 
(lerations  to  be  immcdittteiy  referred  to,  probably  poiuts  to  the 
intimate  phvitical  relation,  ami  it  may  be,  to  the  oneticns  of  cou* 
(lition  of  that  which  is  apparently  two  powers  or  formsof  power, 
electric  ami  maguctie.     lu  that  ease  many  otlicr  relatioUB,  of 
which  tLe  following  are  some  forms,  will  merge  in  the  same  result. 
Thus,  unlike  maguctic  lines,  when  end  on,  repel  each  other,  as 
trhcn  simitar  poles  arc  face  to  face;  and  unlike  electric  currents, 
if  placed  iu  the  same  relation,  stop  each  other;  or  if  raiwd  in 
intensity,  when  thus  made  staHc,  repel  each  other.     Likcelectric 
currents  or  lines  of  force,  when  end  on  to  each  other,  coalesce;  H 
like  magnetic  lines  of  force  similarly  placed  do  no  too  (326/5. 
S295.).     Ijikc  electric  currents,  end  to  end,  do  not  udd  their 
sums  i  but  whilst  there  is  no  change  in  quantity,  the  iutciuit^  fl 
ia  increased.     Like  magnetic  lines  of  force,  similarly  placed  do 
not  increnae  each  other,  for  the  power  then  alio  remains  the 
same  (42IK.) :  perhaps  nome  effect  correspoiident  to  the  gain  of  fl 
intensity  iu  the  former  ease  may  be  produced,  but  thcreis  none  ™ 
as  yet  distinctly  recog^uised.     Like  electric  currents,  side  by  side, 
add  the  quautitics  together;  a  case  supplied  either  by  uniting  fl 
Bcvcral  batteries  by  their  like  ends,  or  comparing  a  large  plato 
bntLery  with  n  small  one.     Like  magiietic  lines  of  force  do  the 
Komc  (■1232.).  fl 

3260.  The  mutual  relation  of  the  magnetic  lines  of  force  and  ^^ 
I «  electric  axis  of  power  has  been  known  ever  since  the  time  of 
CErsted  uud  Ampere.    This,  with  such  considerations  as  I  hare 
cudeaTourcd  to  advance,  enables  ot  to  form  a  guess  or  judge- 
ment, with  a  ccrlaia  degree  of  probability,  respecting  the  nature 
of  the  lines  of  magnetic  force.     I  incline  to  the  opinion  that  they 
have  a  physical  existence  correspondent  to  that  of  their  analogue, 
the  electric  lines ;  and  having  that  notion,  am  further  carried  on 
to  consider  whether  they  have  a  probable  dynamic  eonditioD,  ana- 
logous to  that  tii  the  electric  axis  to  which  tlicy  are  so  closely 
and,  perhaps,  inevitably  related,  in  which  ease  the  idea  of  mag- 
netic  cnrrenta  would  arise  ;  or  whether  they  cno'tisi  in  a  state  of 
tension  (of  the  tether?)  round  the  electric  axis,  wid  may  there- 
fore be  considered  as  static  in  their  nature.     Again  and  again 
the  idea  of  an  rterlro^tomc  state  (6<).  Hit.  lOdl.  1729.  1*33.) 
has  been  funded  on  my  mind;  such  a  state  would  coincide  and 
become  identified  with  that  which  would  then  constitute  the 
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physical  linea  of  magnetic  force.     Anotber  consideration  tends 

in  the  same  direction.     I  formerly  remarked  tliat  ttie  magnctir. 
equivalent  to  static  clectricit)'  was  not  known  ;  for  if  the  unde- 
veloped state  of  electric  force  eorrcRpond  to  ihclikc  luulevelopcd 
condiliou  of  magnetic  forcCj  and  if  the  electric  current  or  axis 
of  electric  power  correspond  to  the  linc-f  of  mnguetic  force  or 
axi^  of  magnetic  power,  tlirn  tttcre  ia  uoknovru  magnetic  condi- 
tion which  corresponds  to  the  static  state  of  the  electric  poWcr 
(1 734.) .     Now  iL'^KumiTig  that  the  pliysicnl  lines  of  magnetic  force 
are  currentn,  it  iH  very  unliltely  that  such  a  link  should  he  na- 
turally absent ;  mure  unlikely,  I  think,  than  that  the  magnetic 
condition  nhoulil  depend  upon  a  state  of  tension  j  the  more  cspo 
cially  i&  under  the  latter  BUppo»ition,  the  lines  of  niaf^uctic  power 
woatd  have  u  jihysical  existence  o&  ponitivoly  an  in  the  former 
case,  and  the  curved  conditiou  of  the  linea,  which  seems  to  mo 
such  a  necessary  admission,  according  to  the  natural  facts,  woiUd 
become  a  possibility. 

3270.  The  considerations  which  arise  diuiug  the  conterapla- 
tioQ  of  the  phauoniena  and  lows  tliat  are  mode  manifest  in  the 
mutual  action  of  magnets,  currents  of  electricity,  and  moving 
comluctort  (3084.  &c.),  are,  I  tliuik,  altogether  in  favour  of  the 
physical  existence  of  the  lines  of  magnetic  force.     Wlien  only  a 
single  magnet  ia  employed  in  puch  castes,  and  the  iiac  of  iron  or 
paramagnetic  bodies  is  dismissed,  then  there  is  no  cO'cct  of  at- 
traction or  repulsion  or  any  ordiuajy  magnetic  result  produced. 
Tlic  phflcnomcna  may  nil  very  fairly  be  looked  upon  as  purely 
electricid,  for  they  arc  sueti  in  character;  anil  if  they  coincide 
vith  magnetic  actions  (which  ia  no  doubt  ttic  caau],  it  in  pro- 
bably because  the  two  actions  are  one.     But  being  considered 
&s  electrical  actions,  they  convey  a  different  idea  of  the  condition 
of  tlie  field  where  they  occur,  to  lliat  involved  in  tlte  thought  of 
magnetic  action  at  a  distance.     When  a  copper  ivirc  isplatjcd  in 
the  neiglibuurhood  of  a  bar-magnet,  it  does  not,  as  far  as  wc  arc 
aware  (by  the  evidence  oE  a  magnetic  liccUlc  or  other  mcana), 
disturb  in  the  least  degree  the  dispositiou  of  the  magnclic  forces, 
either  in  itself  or  in  surrounding  space.     When  it  is  moviid  across 
the  lines  offeree,  a  current  of  electricity  Is  developed  in  it,  or 
lends  to  be  developed  ;  and  1  have  every  reason  to  Ijelicvc,  tliat 
if  wc  could  employ  a  perfect  conductor,  and  obtain  a  perfect 
resolt,  it  would  be  the  full  equivalent  to  the  force,  electric  or 
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magnetic,  vhich  ia  exerted  in  the  place  occapied  bj  the  coo- 

ductor.     But,  as  I  have  elsewhere  obserred  (3172.),  this  car* 

rent,  having  its  full  and  equivalent   relation  to  the  magnetle 

foKC,  can  liardly  he  conceived  of  as  hftring  its  entire  foundatjon 

in  the  meie  fact  of  motion.     The  motion  of  an  external  twdj*, 

ot1nTwi»e  physically  indifferent,  and  haring  no  relation  to  the 

magnet,  eould  not  hc^ct  a  physical  relation  Huch  aa  that  which 

the  moving  wire  present*.     There  mnat,  I  think,  he  a  prerioos 

■tatOi  a  state  of  tension  or  a  static  state,  as  rc^ganls  the  wire, 

vhich,  when  tncition  ia  superadded,  prodaeea  the  dynamic  state  or 

current  of  electricity.     This  state  ia  aafficient  to  constitntG  and 

give  a  physical  exiatcncc  to  the  lincsof  ma^rtirforrr,  and  penait 

the  ut-curretice  of  curratnre  or  its  L-quivali-ut  citcnia)  rel^ioD  of 

poles,  and  also  the  rarious  other  ooudltions,  which  1  conceive  ar« 

incntnpatihlc  with  mere  aetiuu  at  a  distance,  and  which  yet  do 

exist  aiuougst  magnetic  phH?uomeua. 

3271.  All  the  phKUomcna  of  the  moving  wire  seem  to  me  to 
show  the  physiral  existence  of  an  atmosphere  of  [wwcr  iilmut  a 
magnet,  which,  as  the  power  is  antitlietieal,  and  mai-krd  iu  its 
direetion  by  the  lines  of  magnetic  force,  may  be  considered  a* 
disposed  ill  sphoudyloidd,  dctcTmincd  hy  the  lines  or  rather  shclU 
of  force'.  As  the  wire  intenects  the  liDL<s  within  a  given  sphon- 
dyloid  external  to  the  ma^et,  a  current  of  electricity  is  gona* 
rated,  and  that  riirrcnt  is  definite  and  the  same  for  any  or  CTCiy 
intersection  of  the  gircn  sphondyloid.  At  the  same  lime,  whether 
the  wire  be  quiescent  or  in  motion,  it  doea  not  cause  deran^c- 
meot,  or  expaoaion,  or  contractiou  of  the  lines  of  Itiroc  ;  the  state 

'  Tba  QiM«  uf  niagnctic  force  ban  been  alras^  dcftatd  (9071.).    Thr-^ 
hat*  also  bMDD  tnMd,  ss  I  think,  wul  altown  to  bo  dned  evm*  f»miag  ta 
Mw  iMrt  of  tb  Mima  tl)n>of>b  tlK>  iim(r»t  to  wUcfa  thej  bcloi^,  sod  hi  the 
oth«r  part  throagfa  epwie  (3117.)-     If*  in  the  case  of  a  vtniflil  bar-nuviNt, 
nay  oo»  td  ihttm  Ubm,  E^  b«  eonadered  u  levolvtag  round  tbn  sods  of  tba 
aagtwt,  it  will  describe  a  imrfK*;  and  As  llir  line  itaelf  ia  a  cIomJ  curve,  the 
sotAkw  win  fona  ■  tube  mnnd  the  axis  and  {nelow  a  sotkl  fom.    Asoiluc , 
UiworraK«,F,  vUlpradtieeaslnlkrTmilt    Tk«  spbatidylolj  body  aay  bt  1 
dtbtt  that  oantaiasd  by  tb«  soriiw*  of  twolDtioa  of  E,  or  that  ocnti^Bad  bw ' 
twwB  tba  two  imf sres  of  E  and  F,  and  wbicb,  for  Av  aafce  of  InvTity,  I  lonv 
(by  tb»  adviM  of  s  ItiDd  tApaA)  oallMl  aBply  tb«  fluK^^ioiJ.    Tlio  ymrU  of  { 
■be  Mlid  dcscnbcil,  wliieb  art  mtliin  and  witlioul  the  magnet,  an  in  [wwcr  i 
nii^nlent  lo  each  olb«r.    Wli«ii  ii  b  dcmI/uI  to  ipeak  of  tbciu  wparatdy, 
ttey  BMcMtiy  dlMiagnUbM)  salhetDiiarasdotilcrtipbaDdyMdsi  thei 
qf  the  BUfTWt  btdflir  tlioD  part  uf  tbg  boundtaic  iUiCve. 
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of  tlie  power  in  the  neighbouring  or  other  parts  of  tlie  sphoDdy- 
loid  rcmttiuiue  scmibly  the  same  (3176.}- 

3272.  The  old  en  porimcnt  of  a  wire  when  carrying  an  electric 
current '  inoviug  round  a  magnetic  pole,  or  of  a  current  beiug 
produced  iu  the  same  wire  when  it  is|carried  per  force  round  the 
same  pole  (ll'l.),  shows  the  electrical  dependence  of  the  magnet 
and  the  wire,  both  when  the  current  is  employed  from  the  first, 
and  when  it  is  generated  by  the  motion.  It  coinddcs  in  principle 
with  the  results  nlrendy  qnntc<I,  niid  it  includes,  espcrimciitally, 
all  currents  of  electricity^  what«ver  the  medium  in  which  they 
occur,  even  up  to  that  due  to  the  dischar^  of  the  Leydcn  jar 
or  that  bt;twcc!i  the  cicctrodcts  of  the  roltiiic  battery.  I  think 
it  also  indicates  the  state  of  niaj^ctic  or  electric  tcn.oion  in  the 
Burronndirig  space,  not  only  when  that  s^co  is  occupied  by  metal 
or  a  wire,  but  also  by  air  and  other  bodies ;  for  whatever  be  the 
state  in  one  case,  it  is  probably  general  and  therefore  common 
to  alt  {3173.). 

3373.  I  will  now  venture  for  a  time  to  asamnc  the  physical 
existence  of  the  external  lines  of  miiguctic  force,  for  the  purpose 
of  considering  huw  the  idea  will  accord  with  the  general  phieno- 
mena  of  magnetism.  The  magnet  is  evidently  the  sustaining 
power,  and  in  respect  of  its  internal  condition  or  thntof  ititpar- 
tides,  there  ia  no  idea  put  forth  to  represent  it  which  at  all  ap- 
proacbca  in  probability  and  bcnuty  to  that  of  Ampere  (1G50.). 
It3  analogy  with  the  helix  is  wonderful ;  nevertheless  there  is, 
BB  yet,  a  strikiug  cx[>crimental  diiitinctiou  Iwtwceu  them  ;  for 
whereas  an  unchaugcahle  magnet  can  never  raise  up  a  piece  of 
soft  iron  to  a  state  more  than  cqunJ  to  its  own,  as  measured  by 
the  moving  wire  (32l9.),nhclix  carrying  a  cnrrent  ean  devclope 
in  an  iron  core  magnetic  lines  of  force,  of  a  hundred  or  more 
limes  a«  mnch  power  oh  that  possessed  by  itself,  when  measured 
by  the  same  means.  In  every  point  of  view,  tlierefore,  the  mag- 
net deserves  the  utmost  exertions  of  the  philosopher  for  the 
development  of  ita  nature,  both  as  a  magnet  and  niao  as  a  source 
of  electricity,  that  wc  may  become  acquaintctl  with  the  great  law 
uudcr  which  the  apparent  anomaly  may  disappear,  and  by  which 
all  these  various  phajnomcna  presented  to  \n  nhall  become  one. 

327'J,  The  phj-Bical  linea  of  force,  in    psssing  out  of  the  mig- 
uet  into  space,  present  a  great  variety  of  conditioua  as  to  form 
'  Eiperimculal  KfecarclieB,  8ro  vOItion,  vol.  ii.  p.  \27. 
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(SS38.).  At  timea  their  refraction  U  \txTy  sttddcDj  leaving  the 
magnet  nt  right,  or  oMubc,  or  acute  angles,  na  ia  the  caisc  of  a 
hard  wcll-cliHrffLHl  har-mnguet,  fig.  2  ;  in  other  caaca  the  chsuge 
urfurm  of  llieliiie  in  ])iu>8in^  from  tbc  magnet  into  npacc  is  mon; 
gradual,  »»  in  the  circular  plate  or  globc-mngnct,  figs.  3,  4,  6. 
Here  the  form  of  llic  magnet  as  iIid  source  of  the  lines  has  mucli 
to  do  with  the  result ;  but  I  think  tlie  condilion  and  relation  of 
the  surrounding  medium  has  uu  essential  ami  evident  influcuce, 
in  a  manner  I  will  endeavour  to  point  out  presently.  Again, 
this  refractiou  of  the  lines  is  affected  by  the  rciatire  diffcrcoce 
of  the  nature  of  the  magnet  and  the  medium  or  spaec  around  it; 
as  tlie  dilTerence  is  greater,  and  therefore  the  transition  is  more 
sudden,  so  the  line  of  force  is  more  instantaneously  bent.  lo 
the  cose  of  the  cartb,  huth  the  nature  of  its  substance  and  also 
its  form,  tend  to  make  the  refractions  of  the  line  of  force  at  it« 
Rurface  very  gradual ;  and  accordingly  the  Hue  of  dip  does  not 
sensibly  vary  under  ordinary  eireuujstauceii,  at  the  same  place, 
whether  it  be  observed  upon  the  surface  or  above  or  behw  it. 

3275.  Though  the  physical  lines  of  force  of  a  magnet  may, 
atid  must  he  eonsidcrcd  an  extending  to  infinite  distance  around 
it  OS  long  as  the  magnet  is  absolutely  alone  (3110.),  yet  they  may 
be  condensed  and  compressed  into  a  very  eninll  local  space,  1^ 
the  influence  of  other  systems  of  magnetic  power.  This  is  indi- 
rated  by  Dg.  H.  I  have  no  doubt,  after  the  rspcrimental  results 
giron  in  Series  XXVIll.  respecting  definite  magnetic  action 
(S109.],  that  thesphondyloid  representing  the  total  power,  which 
in  the  experiment  that  i^iipjiHed  the  figure  hail  a  sectional  area 
of  not  two  square  inches  iu  surface,  would  have  ctjuai  power 
upon  the  moving  wire,  with  tlmt  infinitcsphondyloid  wbich  would 
exist  if  the  small  magnet  were  in  free  space. 

3276.  The  magnet,  with  itssurrounding  sphondyloid  of  power, 
■mt^Y  be  considered  an  analogous  in  its  condition  to  a  voltaic  bat- 
tery immersed  in  water  or  any  other  electrolyte  ;  or  to  a  gym- 
Dotus  (1773.  1784.}  or  torpedo,  at  the  moment  when  tbcsc  crea- 
tures, at  their  own  will,  fill  the  surrounding  fluid  with  lincii  of 
electric  farce.  1  think  the  analogy  with  the  voltaic  battery  eo 
placed,  is  closer  than  with  any  case  of  ulalir  electric  iuductionj 
because  in  the  former  instance  the  phx'sieal  lines  of  electric  force 
may  Ix:  traced  both  through  the  battery  and  its  nurrouDding 
medium,  for  they  form  continuous  currea  like  those  I  have  ima- 
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{fined  within  and  without  the  magnet.  The  direction  of  these 
lines  of  electric  force  may  be  traced,  cxpcrimcntallr,  many  ways. 
A  magnetic  needle  frrcljr  stwpondc^  in  thr  fluid  will  show  them 
ill  aud  near  to  the  huttcr/,  by  st^iidiiig  at  ri;<hl  iing^Icn  to  the 
counc  of  the  Liucs.  Two  wires  from  a  ^'^'^''''loractcr  will  ithow 
tlicin  ;  for  if  the  Hue  joining  the  two  ends  iu  the  fluid  l>e  at  right 
luiglus  to  the  lines  of  ck-etric  force  (or  tlio  eutrcuts),  there  will 
be  uo  action  ut  the  g&lvHUomcter ;  but  if  oblique  or  parallel  to 
these  lUics,  there  will  be  deflection.  A  plate,  or  wire,  or  bull  of 
metal  ill  the  lluld  will  »how  the  direction,  provided  any  eleetro- 
lytic  action  can  go  on  against  it,  as  when  a  little  acetate  of  lead 
is  present  ju  the  medium,  for  then  the  olcctrolysia  will  be  a 
maximum  in  the  direction  of  the  current  or  liuc  of  force,  aud 
nothing  at  all  in  the  direction  at  right  angles  to  it.  The  same 
ball  will  disturb  nnd  iaHrct  the  lines  of  electric  force  in  thcsur- 
roimdiDg  fluid,  just  as  I  hare  considered  the,  case  to  be  with 
paramngnctie  bodit-s  amonjfHt  maf^nctic  lines  of  force  [2806. 
2821.  2871.)-  Nn  Dtie  I  think  nill  doubt  that  as  long  as  the 
battery  is  in  the  fluid,  and  bus  its  extremities  iu  commuuieation 
by  the  fluid,  lines  of  electric  force  having  a  physical  cxisteuce 
occur  iu  every  part  of  it,  and  the  fluid  surrounding  it. 

3277.  I  conceive  that  when  a  magnet  is  iu  free  space,  there  ii 
suoL,  a  medium  (magneiically  speakiiifj)  ai-ouwd  it.  That  n  va- 
cuum has  its  own  magnetic  relations  of  attraction  and  repulsion 
ia  manifest  from  former  experimental  results  (2787.);  and  these 
plnec  the  vacuum  in  rulatinii  to  materiiil  bodies,  not  at  cither 
extremity  of  the  list,  but  in  the  midst  of  them,  as,  for  instance, 
between  gold  ami  platina  (2399.),  having  other  bodies  on  cither 
lide  of  it.  ^Ntiat  that  surrounding  magnetic  medium,  deprived 
of  all  material  suhatnnec,  may  l>c,  I  cannot  tell,  jwrhnpn  the 
BStbcr.  I  incliuc  to  consider  this  outer  medium  as  esacntial 
to  the  magnet ;  that  it  ia  that  wbich  relates  the  cxtemaJ  polari- 
ties to  each  other  by  curved  Hues  of  power;  aud  tliat  these  must 
be  su  related  as  a  matter  of  necessity.  Just  as  in  the  case  of  the 
iiatlcry  above,  there  is  jio  line  oE  force,  either  in  or  out  of  the 
battery,  if  this  reJation  be  cut  off  by  removing  or  intercepting 
the  conducting  medium ; — or  in  that  of  static  cleetric  inducti(m, 
which  is  impomhic  until  thiR  related  state  be  allowed  (1161).}'; — 

'  I'liiltMopbicalMn^itnne,  March  184S;  orExperiincalal  IicseaTc1iea,8T0t 
Td.ii.p.Srft 
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so  I  conceirc,  that  withont  this  external  uiutually  rcUted 
coiuliti(m  of  the  poles,  or  a  related  condition  of  tbcm  to  otlior 
poleo  siisLaiued  aud  rcudered  {lossible  la  like  manner,  a  msj^et 
could  not  cxi»t ;  an  absolute  norttincss  or  eonthnotit,  or  an 
unrclnted  nortlinosa  or  soutbncss,  being  oa  impossible  u  an 
absolute  or  au  unrelated  state  of  positive  or  negAtive  electricity 

(1178.). 

ft278.  In  this  riew  of  &  magnet,  the  mcdiatn  or  space  around 
it  ii  as  CKfienti.il  an  the  magnet  itxcif,  bcinfC'  a  part  of  the  trne  and 
complete  ningnrtic  system.  Tlieri!  hic  numerous  cspcri mental 
results  whichHhon  \i&  that  tbc  relation  of  tbc  lines  to  the  snrrouud- 
ing  space  can  be  varied  by  occupying  it  with  different  nubatancca  j 
just  aithe  relation  of  a  ray  ofliglit  t<i  the  space  through  which 
it  panes  caa  be  varied  by  the  presence  of  (lifTorcnt  b(Kliui  made 
to  occupy  that  "pace,  or  as  the  lines  of  electric  force  arc  aifcctcd 
by  the  media  tlirongh  vbich  cither  induction  or  couductiou  takes 
place.  This  vtunation  in  regard  to  thn  magnetic  power  may  bo 
comidrre^l  as  depending  upon  the  aptitiiilo  which  thcsurrooad- 
ing  space  ha»  to  effect  the  mutual  relation  of  tbe  two  extenuil 
polarities,  or  to  carry  onwarrls  the  physical  line  of  force  ;  and  I 
hare  on  a  former  occaaion  in  aomc  degree  considered  it  and  its 
oonscqucnecft,  using  the  phroflO  magnet  conduction  to  represent 
the  physical  effect  (2797.)  produced  by  the  presence  either  of 
paramagnetic  or  cliomagnetie  bodies. 

3279.  When,  for  Iniitance,  a  piece  of  cold  iron  (8129.)  or 
nickel  (8240.)  is  introduced  into  the  magnetic  field,  prcriously 
occupied  by  air  or  being  even  mere  spaoc,  there  is  a  concentration 
of  lines  of  force  on  to  it,  and  more  power  is  transmitted  through 
the  apoOB  thna  occupied  than  if  the  pnrarongnctic  body  Trcrc  not 
there.  Tbe  lines  of  furcu  tbercfore  convci^e  on  to  or  diverge 
from  it,  giring  what  I  have  called  conduction  poIanQr  (2818.) ; 
aud  this  is  the  whole  effect  produced  na  rcgarils  the  amount  of 
tbe  poirer;  for  not  the  slightest  addition  to,  or  diminution  of, 
that  external  to  the  magnet  is  made  (8318.  3323.).  A  new  dis- 
position  of  the  force  arises ;  for  some  passes  now  where  it  did 
Dot  pass  before,  being  lemored  fi-om  placea  when-  it  -km.  previ- 
oudy  transmitted.  Supposing  that  the  magoet  was  inclosed  in 
a  surrounding  solid  mass  of  iron,  then  the  effect  of  Ms  sTiperior 
conducting  |)ower  would  be  to  cause  a  ffrcat  contraction  inwards 
of  the  Hpliere  of  external  action,  and  of  the  various  sphomlyloids, 
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wliirh  ve  may  snppose  to  he  ideiiHfiecl  in  (lifferont  part*  of  iL 
A  magnetic  needle,  if  it  cnulcl  l)c  introtluood  into  the  iron  me- 
dium, would  iutlicatc  vstremc  diminution,  if  not  apiiarcnt  onni- 
hilatiou,  of  the  external  power  of  tlus  niB^nct;  but  the  moving 
wire  would  ahov  that  it  was  there  present  to  its  full  extent 
(8)52.  3162.)  in  u  very  conceutratcd  comlition,  jnst  as  it  shows 
it  in  the  verj  hody  of  a  magnet  (31 IG.) ;  ami  the  power  within 
tbe  magnetj  it  heing  a  hard  and  perfect  one,  would  remain  the 
aame. 

3380.  The  reason  why  a  magnetic  needle  would  fail  a»  a  cor- 
rect indicator  of  the  amount  of  [X)wer  present  iu  a  given  spnoe 
i«,  that  when  perfect,  it,  because  of  the  neee*snry  coudiliou  of 
hardness,  cannot  carry  on  ihrougb  its  mam  more  lines  of  force 
than  it  can  excite  [8323.)>     But  because  of  the  coalescence  of  liko 
Una  of  force  end  on  (3S3G.) ,  such  a  needle,  when  surrounded  by 
a  bad  magnetic  conductor,  determines  on  to  itself  maur  of  the 
lines  which  would  otherwise  pass  cWewhcre,  bos  a lugb  magnetic 
polarity,  and  is  aflccted  in  proportion ;  every  ei[MTimrnt,  as  Isr 
as  I  can  perceive,  tending  to  show  that  the  attntctions  anil  repul- 
sions are  merely  consct|uenccs  of  the  tendency  which  the  lines  of 
phyMcol  magnetic  force  have  to  shorten  tbcmsclvcs  (336G.).     So 
when  the  ranguetic  needle  is  snrroundcil  by  a  medium  gradually 
increasing  in  conducting  power,  it  seems  to  show  leu  and  leas 
force  in  its  ncighbon  rhood ,  though  in  reality  thcforcc  is  increasing 
there  more  and  more.     Wc  can  easily  conccnve  a  very  hani  and 
feebly  charged  magnetic  needle  nnrroundctl  by  a  medium,  as  soft 
iron,  better  than  it*clf  in  conducting  power,  i,  e.  carrying  on  by 
conduction  more  lines  of  force  than  the  needle  could  determine 
or  mrry  on  by  its  state  of  charge  (329H.).     Tn  that  case  I  con- 
ceive it  would,  if  fire  to  move,  jmint  feebly  in  the  iron,  because 
of  the  coalescence  of  the  lines  of  force,  but  would  be  repelled 
bodily  from  the  chief  magnet,  in  analogy  with  the  action  on  a 
diamagiietic  body.     As  I  hare  before  atatiMl,  the  principle  of  tho 
moving  wiree&n  be  applied  Nueccssfully  iu  titow  cases  wherathat 
of  the  magnetic  needle  fails  (3155.). 

3281.  If  other  paramagnetic  bodies  than  iron  In;  considered 
in  tbeir  rcktiou  to  the  surrounding  space,  then  their  effects  may 
be  a««nmed  aa  proportionate  to  the  conducting  power.  If  the 
surrounding  medium  were  hard  steel,  the  contraction  of  tbe 
sphondyloid  of  power  would  be  much  less  than  with  iron ;  and 
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the  effects,  in  rc8[>cct  of  the  mngnetic  uccd)e,  would  occur  in  a 
limi  tctl  degree.    U  a  solution  of  protosulpliate  of  iron  were  uspd, 
tlic  riTcct  would  ocair  in  a  very  niuctilc^sd^rce.     If  a  solution 
were  prcpurcd  mid  ailjustcd  so  w  to  have  no  paramRgnctic  or 
diama^nctic  relation  (Z-ISHi.),  it  would  be  the  same  to  the  linn 
of  force  OS  fVcc  space.     If  a  diatnaguctic  body  were  employed,  oa 
water,  glassj  bismuth  or  phnsplioru!*,  the  extmt  of  action  uf  tho 
sphondyloids  would  expand  (3^79.) ;  and  a  maj^etic  needle 
would  ap|jear  to  iucrcase  in  iuteusity  of  actiou,  though  placed 
in  a  rcKiuii  having  a  smaller  aiuouut  of  magnetic  foa-c  paasinj  ' 
across  it  than  before  (31»5.]-     Whether  in  any  of  these  (Mtea, 
oven  in  tliat  of  iron,  the  body  acting  as  a  conductor  has  a  rtoto 
induced  npon  its  particlca  for  the  time  like  that  of  a  magnet  in 
the  corrc.^pnndiiig  state,  \»  a  question  which  I  putupou  a  funucr 
oncaston  (3833.) ;  but  I  Icrtc  its  full  invcstigatian  and  decision 
for  a  future  lime. 


8282.  The  cironmntanccs  dependent  upon  the  shape  and  tawa 
of  mn^nets  apjiciu'  to  accord  singularly  well  with  tho  view  I  am 
putting  forth  of  the  action  of  the  surrounding  mcdiom.    If  there 
l>e  a  function  in  that  medinm  equivalent  to  conduction,  iiivulring 
differciieos  uf  couductiou  iu  different  cases,  that  of  necessity  im- 
plies alflo  reaction  or  rcsistiutcc.     The  differences  could  not  exist 
without.     The  analogous  ciibc  is  presented  to  us  in  ercry  part 
hy  tbc  electric  force.     When,  tlicrcfore,  a  magnet,  in  place  of 
being  a  l>ar,  is  made  into  a  horseshoe  ftrm,  wc  sec  at  once  tliat 
the  lines  of  forn;  and  the  Hphondyloids  arc  greatly  distorted  or 
removed  from  their  former  rcguturity  ;  that  u  line  of  maximum 
force  from  pole  to  pole  t;ron-s  up  os  the  Iior»eahoc  form  is  more 
completely  given  1  that    the  power  gathers  in,  or  accumulates 
alio^ttthiB  line,  just  beeausc  the  bully  conducting  medium,  i.  e, 
the  space  or  air  between  the  poles,  i»  shortened.     A  bent  voltaic 
battery  inlt«BurrouudiDg  medium  (32"6.),ora  gymnotuaeurved 
at  the  moment  of  its  peculiar  action  (1785.),  present  exactly  the 
like  results. 

3S83.  The  manner  in  which  the  keeper  or  auli-magnctj  when 
iu  place,  reduces  the  power  of  the  magnet  iu  the  space  or  air 
around,  ih  evideul.  It  is  the  substitution  of  an  excellent  coq- 
ductijr  for  a  ^Mor  one  ;  far  more  of  the  power  of  the  magnet  is 
truusmittcd  ihnnigh  it  tluin  through  the  same  space  before,  and 
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leas,  therefore,  in  other  places.  If  a  horseshoe  magnet  be  charged 
to  saturation  with  its  keeper  on,  and  its  poncr  Ijc  then  ascer- 
tained, removing  the  keeper  will  cause  the  power  to  fall.  Tina 
■will  be  (according  to  the  hypothesis)  because  the  iron  keeper 
could,  hy  \i&  conduction,  sustain  higher  external  conditions  of 
the  Qiaguctic  furcOj  and  therefore  the  magnet  could  take  up  and 
sustain  a  higher  condition  of  charge.  The  case  passes  into  that 
of  a  steel  ring  magnet,  wliicU  being  nmgnetiaed,  shows  no  ac- 
tcrnal  signs  of  power,  because  the  lines  offeree  of  one  part  arc 
continued  on  by  every  other  part  of  the  ring ;  and  yet  when 
broken  exhibit  strong  polarity  aud  externa]  action,  because  then 
the  lines,  which,  being  determiued  at  a  given  point,  were  before 
carried  on  thraugh  the  continuous  magnet,  have  now  to  be  car* 
ricd  on  and  continued  through  the  surrounding  space* 

3284-.  These  results,  again,  pass  into  the  fact,  easily  verified 
partially,  that  if  soft  iron  surround  a  magnet,  being  in  contact 
with  its  poles,  that  magnet  may  receive  a  much  higher  charge 
than  it  can  take,  being  surrounded  with  a  lower  paramagnetic 
substance,  as  air;  also  another  fart,  that  when  mossc^i  of  soft 
iron  arc  at  the  ends  of  a  magnet,  the  latter  can  rcccire  and  keep 
&  higher  t-hargc  than  without  them  ;  for  these  masses  carrj-  on 
the  physical  lines  of  foreCj  and  deliver  them  to  n  bnily  of  sur- 
rounding space ;  which  is  either  widened,  and  therefore  increased 
in  the  direction  ncrnss  the  lines  of  force,  or  shortened  in  that 
direction  parallel  to  them,  or  both  ;  aud  both  are  circumstances 
vliieh  facilitate  thcconductiou  from  pole  to  pole,  and  the  relation 
of  the  external  lines  to  the  litica  of  force  mthin  the  magnet.  In 
the  Rflmo  way  the  armature  of  a  natural  loadstone  is  useful.  All 
tlufse  effects  and  expedients  accord  with  the  view,  that  the  space 
or  medium  external  to  the  magnet  is  as  important  to  its  exist- 
ence as  the  body  of  the  magnet  itself. 

3285.  Magnets, whcthcrlargc orsmall, maybe surpersatnratcd, 
and  tlien  they  fall  in  power  when  Icil  to  themselre* ;  quickly  at 
first  if  strongly  supersaturated,  and  more  slowly  afterwards.  Thifj 
upon  the  h\  pnthc."'is,  would  he  accounted  for  by  considering  the 
surrounding  malium  as  \innblc,  by  its  feeble  niagueto-couducting 
povcr,  to  sustain  the  higher  state  of  charge.  If  the  conducting 
power  were  inrreascd  sufficiL'utly,  thea  the  maguPt  would  not  bOi 
supersaturated,  ami  its  power  woidd  not  fall.  Thus,  if  a  magnet 
were  surrounded  bv  iron,  it  miglil  eaailv  be  made  to  assume  aud 
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Tetnin  ft  state  of  cKarge,  wliich,  iftlic  iron  were  siiddeuly  replat^cd 
by  aifj  would  instantly  Tall.  Indeed,  magnets  can  ouly  Ije  au- 
persaturutal  by  [>liu:iiig  tlium  for  tUc  liiuc-  under  the  dommiua 
ul'  utber  soui-oeti  ai  luaguetic  power,  or  of  otlier  more  favc>iiral)le 
turrouudlng  media  than  that  in  which  they  m&mfeet  themselves 
as  supersaturated. 

3:i8G.  The  well-known  result,  that  email  bar-magnets  are  far 
strouger  in  proportion  to  their  sine  than  larger  aiaiilsr  magnets, 
harmonizes  and  stulatna  that  view  of  the  action  of  the  cxtcnial 
medium  which  hoh  now  been  given.  A  acwing-nccdle  can  be 
magnctijced  tar  more  strongly  than  a  bar  twelve  inches  long  ant) 
an  inch  in  diameter ;  and  the  reason  under  the  view  taken  is, 
tliat  the  excited  system  in  the  magnet  (eorresiiondeni  tu  the  rul- 
taic  battery  iu  the  analogy  quoted  (3376.))  ia  better  sustained 
by  the  necessary  conjoint  action  of  the  aurrouudiiiK  medium  tu 
the  case  of  the  small  magnet.  For  as  the  im{>erlcct  magiieto' 
conducting  power  of  that  medium  (ur  the  consequent  state  of 
tension  into  which  it  is  throwii)  acts  hack  upon  the  magnet., 
(3382.),  so  the  smaller  the  sum  of  exciting  force  in  tJie  cent 
of  the  magnctifi  sphoudyhjida,  Ihc  l)tttrr  able  will  tlic  aiirroimd- 
ing  medium  be  to  do  iU)  piirt  in  sustaining  the  resultant  of  force. 
It  is  very  manifest,  that  if  the  twelve-inch  bar  be  cuncei\'cd  of  aa 
subdivided  into  sewing-needles,  and  these  be  sepurated  from  each 
other,  the  whole  amount  of  exciting  force  act*  upon,  and  is  car- 
ried onwards  in  closed  magnetic  curves,  by  a  very  much  larger 
amount  of  cxtcru&l  aurromidiug  medium  than  when  they  are  all, 
accumulated  iu  the  single  har. 

3287.  The  results  which  have  been  observed  in  the  relation 
of  Ufuyth  and  thickneta  of  a  bar-mngnet,  harmouiw;  with  the  view 
of  the  otlioc  of  the  c&tcrnol  medium  now  urged.     If  we  take  a 
smalt,  well-proportioned,  saturated  magnet,  as  a  aewing-ncedlc ; 
alone,  it  has,  as  just  stated,  sneh  relation  to  the  surrounding 
space  as  to  have  its  high  condition  sustained ;  if  we  plaee  a 
second  like  magnetic  ncedh-  by  the  side  of  ttie  first,  the  surround- 
ing space  of  the  two  is  scarcely  enlargcii,  it  is  not  at  all  improved 
in  conducting  character,  and  yet  it  has  to  sustain  double  the  in- 
ternal exciting  magnetic  force  exerted  when  there  was  one  nocdl*j 
oidy  (32:-i3.) ;  this  must  react  hark  upon  the  magnets,  and  causa] 
a  reduction  of  their  power.  The  addition  of  a  third  needle  repeats* 
the  cfFoct ;  and  if  wc  conceive  that  successive  needles  arc  added 
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until  t1ie  buncllc  is  an  inch  thick,  wc  bare  a  result  which  viU 
illustrate  the  cScct  of  a  thickness  tua  large,  aod  disproportionate 
to  the  IcDgtb. 

3S88.  On  the  otbcr  lianil,  if  vre  assoinc  two  tuch  ncodI<» 
similarly  placed  in  a  right  line  at  a  ilistance  from  each  other, 
each  has  its  surroumliug  ajrstciu  of  curves  occupying  a  certain 
amount  of  space ;  if  brouj;lit  together  by  unlike  poles,  tbcy  funn 
a  uia^ct  of  double  the  Jcngih ;  the  external  lines  of  forco 
coalesce  (3226.),  those  at  the  faix^a  of  contact  nearly  disappear; 
tliosc  which  proceed  from  the  extreme  poles  coalesce  exttnially, 
and  form  one  large  outer  system  of  force,  the  hncs  of  which  have 
a  greater  length  tbau  the  corresponding  lines  of  cither  of  the 
two  original  needles.  Still,  by  the  supposition  that  the  magnets 
arp  perfectly  hard  and  invariable,  tlic  exciting  force  within  re- 
mains, or  tendn  to  remain  the  same  (3327.)  in  qimntity^  there 
Ih  nothing  to  increase  it.  The  increase  in  length,  therefore,  of 
the  cstrnial  circuit,  which  acts  us  a  resisting  nidlinni  upon  the 
intrrnul  action,  will  tend  to  diminish  the  force  of  the  whole 
system.  Snch  would  he  the  caae  if  a  voltaic  battery  snrroondcd 
by  distilled  water,  hk  the  aiudoguus  illustration  (327{!.],  eould 
lie  elongated  in  the  water,  and  so  its  jiolc^  bo  romorcd  further 
apart ;  and  though  in  the  case  of  magueta  previously  charged, 
some  eftect  equivalent  to  intensity  of  excitement  may  he  pro- 
duced by  conjoining  several  together  end  on,  yet  thediminished 
suBtcntatiou  of  iHincr  extcmully  apjioara  to  follow  aa  a  cousc* 
queneeof  the  increased  distaueeof  the  extreme  poles,  or  external, 
mutually  dependent  parts.  Static  electric  induction  also  supplies 
a  correspondent  and  illustmtive  ease. 

U280.  The  usual  cose  in  which  the  influence  of  length  and 
thickness  becomes  evident,  is  not,  however,  always  ot  often  that 
of  the  jmta position  of  magneto  ali-e^dy  as  highly  charged  as  they 
can  be,  but  rather  that  of  a  bnr  about  to  be  charged.  If  two 
bars,  alike  in  steel,  hnrdnciui,  &c.,  one  an  inch  long  and  the  tenth 
of  an  inch  in  diameter,  and  the  other  of  the  some  length  hut 
five-tcntlis  of  an  Inch  in  diameter,  be  magnetized  to  superaatu- 
ratioDj  the  latter,  though  it  contains  twenty-five  timca  the  steel 
of  the  former,  will  not  retain  twenty-five  times  the  power,  for 
the  I'easoD  already  given  (8287.)  ;  the  .iiirrouuding  medium  not 
being  able  to  sustain  external  lines  of  force  to  that  amount.  But 
if  a  third  bar,  two  inches  long  and  al«o  five-tenths  in  diameter, 
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I)c  mognctixcfl  at  Wic  aaiuc  time,  it  cuii  receive  much  more  power 
thou  tltc  second  oue.  A  uatiiml  reason  for  this  prcRcats  itself 
by  the  hypothesis  ;  for  the  limitation  of  power  in  the  two  cases 
IK  not  ill  the  magnets  ttieniselveti,  but  in  the  external  Tnc<1iuin. 
The  Hhortcr  maguct  has  contact  and  councxion  with  that  medium 
hyaccrtuiuumouiit  of  surface;  audjust  what  power  the  medium 
outside  that  surface  can  supportj  the  magnet  will  retain.  Mnke 
the  magnet  as  long  ngain,  and  there  ia  Ear  more  contaet  aud  rcla- 
tiou  with  the  surroundiug  medium  than  before ;  and  therefore 
the  power  which  the  magnet  can  retain  is  greater.  I  f  there  were 
such  limited  points  of  resulting  action  in  the  magnet  a» is  often 
undcratood  hy  the  word  potes,  then  such  a  rcault  could  hardly 
be  the  case,  on  my  view  of  the  physical  aetionn.  But  such  potcs 
do  not  cxi«t.  Every  part  of  tlic  surface  of  the  magnet,  so  to 
say,  is  pouring  forth  externally  lines  of  magnetic  force,  as  may 
be  seen  in  figs.  2,  3,  4,  5  (3274.).  Thclajger  the  magnet,  toa 
certain  extent,  and  the  larger  the  amount  of  external  conducting 
medium  in  contact  with  it,  the  more  freely  is  this  transmission 
made.  If  the  second  magnet,  being  an  inch  long,  be  conceived 
to  be  ebnrgfd  to  its  full  amount,  and  then,  tihilst  in  free  «]»ee, 
conltl  liave  half  an  inch  of  iron  added  to  its  length  at  each  end, 
we  »eeand  know  that  many  of  the  Jiiies  of  force  originally  issuing 
from  lliat  piirt  of  its  surface  still  left  in  contact  with  the  air  at 
the  cfjHatorial  part,  would  now  move  internally  towai-d»  the  ends, 
and  issue  at  a  part  of  the  soft  iron  aarfaccj  indicating  the 
manner  in  wlueh  the  tension  would  be  relieved  by  this  Ixittcr 
coiidnetiiig  medinm  at  the  ends,  and  by  increased  surface  of 
contact  with  the  surrounding  bad  conductor  of  air  or  apace. 
The  thick,  short  magnet  could  evidently  excite  and  carry  on 
physical  lines  of  magnetic  power  far  more  numcroos  than  those 
which  the  »pacc  nhout  it  i^nn  receive  and  conrcy  from  pole  to 
puic  ;  and  the  increase  in  the  length  uf  the  magnet  may  go  on 
ailTautageousclr,  until  the  luereaaing  sum  of  power,  sustainable 
by  the  increasing  mcilviim  in  the  circuit,  is  equal  to  that  which 
the  magiirt  can  sustain  or  transmit  interunlly  ;  for  all  the  linos 
of  power,  n  hcrcver  tliey  issue  IVom  the  magnet,  hare  to  pae» 
through  its  etjuator;  and  in  this  way  the  equator  or  thickuoss 
of  the  magnet  becomes  related  to  its  length.  So  the  advan- 
tagcona  increase  in  length  of  the  bar  ia  limited  by  the  iacrcastng 
resistance  within,  aud  especially  at  the  equator  of  the  bur ;  and 
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the  increase  iu  brcotlllt,  by  the  increasing  resistance  (for  in- 
creasing  power*)  of  tlie  external  aurrouuding  medium  (3287.). 

32&0.  It  is  very  interesting  to  obacrve  the  results  obtained 
wlicD  an  attempt  Is  made  to  niagnctiuc,  regularly,  a  thin  nteel 
"nircj  about  15  or  20  inches  in  length,  and  0'U5  of  an  inch  in 
diamolcr.  It  can  hardly  bo  effected  by  bars;  ami  whon  the  wire 
i«  afterwartls  examined  by  filings  (3234.),  it  is  fuunj  to  have 
irregular  and  consecutive  poles,  irhich  vary  as  the  maguetUation 
is  repented  with  the  same  wire,  as  if  they  broke  out  suddenly  by 
a  rupture  of  something  Like  uubtablc  equilibrium ;  the  cB'ccts 
apparently  being  ebicfly  referable  to  the  cause  now  aseigocd. 
Again,  vhen  a  magnet  is  made  out  of  a  thin,  hard,  steel  plate, 
vhwe  length  is  ten  or  twelve  times  its  width,  it  is  well  knoim 
hoiT  the  lines  of  force  issue  from  it  in  greatest  abundance  at  the 
extreme  angles,  and  then  at  the  edges ;  and  how  a  spot  on  the 
facu  gircacxit  to  a  much  ^mnllcr  number  of  lines  than  a  like  spot 
on  the  edge,  at  the  same  di^tauco  from  the  magnetic  cq^uator. 
Iron  Jilings  show  such  results  rcndily,  and  so  also  do  the  vibra- 
tions of  a  magnetic  needle,  and  likewiiie  the  rcvohitions  of  a  nHre 
ring  (3212.).  Now  this  state  of  the  platc>magnet  is  prcciacly 
,  that  which  would  be  expected  from  the  hypothcsts  of  tlic  nceca- 
saiy  and  dependent  state  of  the  magnet  on  the  medium  sur- 
rounding it. 

S29I.  The  mutua.1  dqieudencc  of  a  magnet  and  the  external 
medium,  assumed  in  the  view  now  put  forth,  bears  upon,  and 
may  probably  explain,  numerous  observations  of  (he  apimrcutly 
superficial  cliaractcr  of  tlic  magnctinm  of  iron  and  magnets  in 
ditlcrcut  cases.  If  a  bard  steel  bar  he  magnetised  by  touch  of 
other  magnets,  both  tlie  vicinity  of  the  eupcrlieial  parts  of  the 
bar  to  the  exciting  magnet  in  the  first  instance,  and  afterwards 
to  tli(>  surrounding  suHtiining  medium,  will  tend  tii  cannc  the 
magnetism  to  be  snperficial  in  tlie  bar.  If  u  small  magnet  or 
a  horseshoe  bar  be  surrouuded  by  a  thick  nIicII  of  iron  as  its  ex- 
ternal medium,  the  inner  surface  of  thc|iron,  or  that  nearest  to  the 
magnet,  with  its  neighbouring  parts,  will  convey  on  more  power 
than  the  parts  further  away.  If  a  thick  iron  core  be  placed  in  a 
helix  earrj'ing  a  feeble  ormodcratj?  electric  current,  it  is  the  part 
of  the  core  nearest  to  the  helix  which  becomes  most  highly 
charged.  Probably  many  other  like  results  may  appear,  or  be 
hereafter  deviaed,  and  may  greatly  help  to  assist  the  discus- 
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siou  of  the  queatiou  of  physical  liucs  of  force  now  nnder  con> 
ultlenttioo. 

3203.  When,  in  place  of  coiuideriiig  the  medium  external  to 
A  magnet  as  lioaiogeneoiia  or  equal  in  magnetic  power^  we  make 
it  variable  in  different  partSj  tlicu  the  effccta  io  it  appear  to  me 
still  to  be  in  perfect  accfonlauce  with  tlic  notion  of  physical  lioM 
of  magnetic  force,  wliieli,  being  present  externally,  arc  defiuitc  in 
direction  and  amount.  The  series  of  substances  at  our  commojid 
wtiich  affect  thcBurroundingnpaccin  this  respect,  do  not  present 
u  great  choice  of  succcssire  steps  ;  but  having  iron,  nickel  and 
cobalt,  very  high  as  paramagnetic  bodies,  wc  theu  possess  hard 
steel,  as  Tery  fur  bencnth  them  ;  next,  perhaps,  osidM  of  Iron, 
and  so  on  by  solutions  of  the  magnetic  metals  to  oxygen,  water, 
gloss,  bismuth  and  phosphoms,  in  the  diamagnetic  direction. 
Taking  the  magnittir  force  of  the  earth  as  »upplyini»  the  source 
of  power,  aud  placing  a  globe  of  iron  or  nickel  in  the  air,  wc  sec 
by  the  pointing  of  a  small  magnetic  needle  (or  in  another  case, 
hy  the  UBc  of  inm  filings  (32tO.)},  the  liellectcd  course  of  tlie 
lines  of  force  as  they  enter  into  and  pass  out  of  the-'phere,  con- 
sequent upon  the  conductiDg  power  of  the  paramagnetic  body. 
Thescbavc  been  deacribed  in  their  forms  in  another  place  (SSSS.)- 
If  ve  take  a  large  bai'-uagnct,  and  place  u  piece  uf  sod  iron, 
about  half  the  width  of  the  magnet,  and  three  or  four  times  ma 
long  as  it  w  wide,  rad  on  to,  aud  about  its  own  width  from  one 
pole,  and  covering  that  with  paper,  then  observe  the  forms  of 
tlic  lines  of  force  by  iron  filings  ;  it  will  be  seen  bow  beautifully 
those  issuing  from  the  magnet  converge,  by  fine  inflcctioiu,  on 
to  the  iron,  entering  by  a  comparatively  small  surface,  aud  bow 
theypasB  ont  in  far  more  diffuse  streams  by  a  much  larger  sur> 
face  at  the  further  part  of  the  bar,  fig.  7.  If  we  take  several 
pieces  of  iron,  cubes  for  instance,  then  the  lines  of  force  wbicb 
ue  altogether  outaidcof  tbcm,may  be  seen  undergoing  success- 
ire  nndolatioQs  in  contrary  directions,  fig.  8.  Yet  in  oU  tbcae 
cases  of  the  globe,  bar  and  cubes,  I,  at  least,  am  satisfied  that  a 
section  acrus»  the  same  lines  of  force  in  any  part  of  their  course, 
faowerer  or  whichever  way  deflected,  would  yield  the  same  amouut 
of  effect  (3109.  8218.)  ;  at  the  same  time  this  effect  of  deflection 
M  not  only  consistent  with,  but  absolutely  suggests  the  idea  of  a 
physical  line  of  force. 

3S93.  Then  the  maimer  in  which  the  power  disappears  in  sucli 
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oases  to  an  onlinory  magnetic  nocdlc  a  pcHcctly  coiuittcut.  A 
little  n(!edle  held  by  tlie  side  of  the  soft  bar  described  abura 
(3293.),  indicates  mnch  le»  magnetic  power  Ihan  if  the  iron 
Tere  away.  If  held  io  a  hole  mnde  in  the  iron,  it  in  almost  uii 
diflfereot  to  the  magnet ;  j'ct  what  power  rcmaina  shows  that 
the  lines  through  the  air  ui  the  hole  arc  in  the  tsame  general  di- 
rection as  those  through  the  neighbouring  iron.  These  effects 
are  perfectly  well  known,  no  doubt ;  and  my  object  is  only  to 
show  that  they  are  conBiHtent  with,  and  nupiiort  the  idea  uf  ex- 
temal  media  having  magnetic  conducting  power.  But  these 
apimrcnt  dcstnictious  of  power,  and  even  I'm'  more  anomalous 
cases  {S8G8.  3155.),  arc  fully  accounted  for  by  the  hyputhcvia; 
and  tlic  force  absolutely  nuaffectcd  in  amount  m  fonnd,  cxperi- 
mc'iitally,  by  the  moving  wire.  I  have  had  occasion  before  to 
refer  to  the  modification  of  the  magnetic  force  (in  relation  to  the 
magnetic  needle),  where,  its  absolute  quantity  being  the  same, 
it  passes  across  better  or  worse  a>ndurtora,  anil  1  have  tempo- 
rarily used  the  words  (/uantiti/  and  iHUn*ity  (2806.  2868.  28r0.). 
I  would,  however,  rather  not  attempt  to  limit  or  define  these  or 
such  like  terms  now,  however  much  they  may  be  wantetlj  but 
wait  until  what  is  at  present  little  more  than  suggestion,  may 
have  been  canvassed,  and  if  true  in  itself,  *may  have  received 
assuraucc  from  the  opinions  or  testimony  of  others. 

3204-  ITie  association  of  magnet  with  magnet,  and  all  tlie 
ctTects  then  pro<luced  (32  iH.),  are  in  harmony,  as  fur  as  I  can 
]}erceive,  with  the  idea  of  a  physical  line  of  magnetic  force.  If 
the  magnets  arc  all  f  nrc  to  move,  they  »fl  to  each  other,  and  then 
tend  to  uppi-oacli ;  the  great  result  being,  that  the  lines  from  all 
the  sources  tend  to  coalesce,  to  pa&s  through  the  beat  conductors, 
and  to  contract  in  length.  TiVhtn  there  are  several  raagueta  in 
presence  and  in  restrained  couditious,  the  liuea  of  Ibreo,  which 
they  present  by  filiugs,  are  most  varied  and  beautiful  (3238.)  ; 
but  all  are  easily  read  and  understood  by  tho  principles  I  hare 
set  forth.  As  the  power  ia  definite  in  atnoout,  its  removability 
from  place  to  place,  accordiug  to  the  changing  dispoaition  of 
the  magnets,  or  the  introduction  of  better  or  worse  conductors 
into  the  surrounding  media,  I>ccoracs  a  perfectly  simple  result. 

3295.  As  magnets  may  be  ItHikcd  upon  as  the  habitations  of 
bundles  of  lines  of  force,  they  probably  show  ua  the  tendencies 
of  the  physical  lines  of  force  where  tUey  occur  in  the  space 
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around  ;  just  an  elcctrii:  currents,  vhen  cODdocteil  hj  solid  trire*, 
or  wlicii  passing,  as  tlic  Leyden  or  the  voltaic  spark,  through 
air  or  a  vacuunij  are  alike  ia  tbeir  essentiul  rclutioas.  In  tbat 
cose,  the  ropnlsion  of  magnets  when  placed  side  by  side,  indi- 
cates the  Isleraltendeuey  of  separation  (ifliucs  of  ma^fitie  force 
(d2C7'.) .  The  ofTcct,  however,  must  be  coiisidcTctl  in  relation  tu 
tlic  aimultniicoiiN  gathering  up  of  the  terrcslrial  lines  of  force  in 
the  aurroumiing  space  uimn  each  magnet,  and  also  the  tendency 
ofcich  mngnet  to  secure  its  own  independent  external  tacdiam. 
The  effect  coiucides  vith,  and  pa^^es  into  that  of  the  lateral  re- 
pulsion of  balls  of  iron  in  a  previously  equal  magnetic  field  (281-i.}; 
which  again,  by  a  cansidcraliou  of  the  action  in  two  directions, 
i.  e,  parallel  to  and  across  the  maguetie  axis,  links  tbc  pha:Qo< 
meaa  of  separation  with  those  of  attraction. 

8290.  When  speukiiig  of  magnets,  in  illustration  of  the  quca- 
tiun  under  c-onsideration,  I  mean  uiaguuts  perfect  in  their  kind, 
L  e.  such  as  are  ver)-  hard  ami  hold  their  chai^,  so  that  there 
shall  be  neiilier  inlcmni  reaction  of  discharge  or  development 
(!j^24.))  nor  any  external  change,  except  wliat  may  deiicuil  upon 
such  absolute  and  permanent  loss  of  exciting  power  as  is  couse- 
qiu'iit  upon  an  ovcr-ruliug  change  of  the  external  relations, 
llL'terugeueouH  uiagncts  uhicli  might  allow  of  irre^jular  vuriu- 
tiuus  uf  power,  are  out  of  present  consideration. 

a2!)7.  With  regard  to  the  great  point  under  consideration,  it 
is  simply,  whether  the  Hues  of  maguctic  force  bare  a  phyaicat 
exiatmee  ot  nat'i  Such  a  puiiit  may  be  investigated,  perhaps 
even  satisfactorily,  without  uur  being  able  to  go  into  the  further 
(l«c»tions  of  bow  they  account  for  magnetic  atlraclion  and  repul- 
sion, or  even  hy  what  condition  of  space,  aithcr  or  matter,  these 
lines  consist.  If  the  extremities  of  a  etra^ht  bar-maguct,  or  if 
the  polarities  of  a  eircnlar  plate  of  steel  (3^74.),  are  iumogiietic 
relation  to  each  other  externally  (3257.),  then  I  think  the  exist- 
ence oioirved  lines  of  magnetic  force  must  l>c  conceded  (3258. 
^C33.)' ;  and  if  that  he  grouted,  then  I  think  that  the  physical 
nature  of  the  Lines  must  be  granted  also.  If  the  external  rela- 
tion of  the  poles  or  polarity  is  «lL-uied,  then,  as  it  appears  ttt  me, 
the  interna)  relation  must  he  denied  al»o;  aud  with  it  a  vast 
number  of  old  and  new  facts  (3070.  &c.)  will  be  left  without 

'  Sec  Cue  s  ciwe  pf  ciirvnl  liaes  tlte  iack««d  and  conaprHacd  ayatein  of 
toKm  tekogin?  lo  tba  <-«iitial  circular  niSjniol<  H-  ^  (SS75.). 
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cither  theor}-,  bfpothesia,  or  even  a  vague  BuppositioQ  to  oxplam 

lliem. 

339$.  Fcrliap-H  bath  ma^ctic  altractiou  and  repulsion,  ia  all 
fonns  and  casca,  resolve  tlicmselvcs  iuto  the  differential  action 
(1^757.)  of  the  magnets  and  substances  which  occupy  apaco,  and 
modify  its  magnetic  p('iw(ir.  A  magnet  finit  origiuatctt  lines  of 
magnetic  force;  and  then,  if  present  with  aiiotlicr  magnet,  oflers  iu 
ona  position  a  very  free  conduction  of  the  new  Uucs,  like  a  para- 
magnetic body  ;  or  if  rc^trniticd  in  the  contrary  position,  resists 
their  passage,  and  resembles  a  highly  diamagiictic  »i)b»tancc.  So, 
then,  a  source  of  magnetic  liuca  being  prcscnt.and  alaoiQaguctg  or 
other  bodies  all'ecting  and  *aryiiig  the  conducting  power  of  space, 
those  bodies  which  can  convey  onwards  the  most  force,  may  teudf 
by  dilPercntial  actiao!!,  iritli  the  others  present,  to  take  up  the 
position  in  nlnch  they  can  do  so  the  most  freely,  whether  it  is 
by  pointing  or  by  approa^iiaation;  the  best  conductor  passing  to 
the  place  of  atrongi-'st  action  (3767.),  whilst  the  worst  rctri^ftts 
fmm  it,  and  bo  the  effects  both  of  attraction  and  repulsion  bo 
produced.  The  teudcucy  of  the  liucji  of  magnetic  force  to  shorten 
[JiJWifi.  3!iH0.)  would  Ijc  couBiatcnt  with  such  a  notion.  Tlic 
result  would  occur  whether  the  physical  tinea  of  ff)rcc:  were  sup- 
posed to  consist  in  a  dynamic  or  a  static  slate  (3SGy.). 

3290.  Having  applied  the  term  iine  of  mafftietic  force  to  an 
abstract  idea,  winch  1  believe  represents  accurately  the  nature, 
condition,  direction,  and  comparative  amount  of  the  magnetic 
forces,  without  reference  to  any  physical  coudilion  of  the  force, 
1  have  now  applied  the  tcmi  physical  line  of  force  to  include  the 
furtlicr  idea  of  tlicir  physical  nature.  Tiic  firat  set  of  lineal 
affirm  npon  the  evidence  of  strict  experiment  (3071.  &c.).  The 
second  set  of  lines  1  advocate,  chiefly  with  a  view  of  stating  the 
question  uf  tlicir  cxt:>tenfx  ;  and  though  1  nhould  not  have  raised 
the  argument  uulcsslhad  thought  it  both  important,  and  likely 
to  be  answered  ultimately  in  the  aHirmative,  I  still  hold  the 
opiuiou.  with  some  hesitation,  with  as  much,  indeed,  as  acconi- 
pauiea  any  conclusion  I  endeavour  to  draw  respecting  ^lointa  in 
the  Tery  depths  of  science,  as  for  iuatancc,  regarding  one,  two 
or  no  electric  fluids  -,  or  the  real  nature  of  a  ray  of  light,  or  the 
nature  of  attraction,  even  that  of  gravity  itself,  or  the  general 
nature  of  matter. 

Royal  iHslitution,  March  6^  18E2. 
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On  the  Physical  Lines  of  Magnttic  Force. 
[Rojral  iDsUtuUcn  PTDceedings,  June  II,  1K>3.] 

On  b  forratT  orciksian  '  certain  lines  atout  a  bar-mognct  were 
dcacnl>c<l  siul  tlcSoctl  (being  lliosc  wbicU  ore  depicted  to  tbo  eye 
by  tbc  U!«c  of  iron  liliiiRs  sprinkled  in  the  Dcighbourbood  of 
the  mngiK't),  and  were  rceomnieiicled  as  expressing  accurately 
the  nature,  condition,  direction^  and  amouut  of  tbe  force  in  any 
given  region  eitbcr  witbtu  or  outside  of  tbc  bar.  At  that  time 
the  linca  were  considered  iu  the  abstract,  Witbont  departing 
from  or  unsettling  anything  then  said,  the  inquiry  l»  now  entered 
upon  of  the  possible  and  probable  phyrical  existmee  of  such  linca. 
Those  nbo  wiHb  to  recon»dci'  tbc  diiTcrcnt  jtoints  belongirg  to 
these  parts  of  magnetic  science  may  refer  to  two  pa[icrs  in  the 
first  part  of  tbc  Pbil.  Trans,  for  1853  '  for  data  concerning  tbc 
represeatalivc  linca  of  force,  and  to  a  paper  in  tbc  Phil.  3Iag, 
4th  Series,  1853,  vol.  iii.  p.  401,  for  tbc  argument  respecting  the 
p/iyaieal  lines  of  force  ■. 

31.any  powers  net  manifestly  at  a  distance;  their  pliyiical 
nature  la  incompn'beiis'iblc  to  us  ;  utill  we  may  learn  much  that 
is  real  and  positive  about  them,  ami  amongst  other  things  some- 
thing of  the  condition  of  the  space  between  the  body  acting  and 
that  acted  upon,  or  between  the  two  mutually  acting  bodies. 
Such  powPTH  are  presented  to  us  by  the  pbsenomcna  of  grav-ity, 
light,  electrieity,  m^netlsm,  &e,  Tbc«c  when  examined  will  be 
found  to  present  remarkable  differences  in  relation  to  (heir 
respective  lines  of  forces;  and  at  tbc  same  time  that  tbcr  cstu- 
blieh  the  existence  ot  real  physical  linc»  iu  some  cases,  will  facili- 
tate the  consideration  of  the  question  as  appBcd  especially  to 
magnetism. 

WbcD  two  bodies,  a,  b,  gravitate  towards  each  other,  the  line 
in  which  they  act  i»  a  straight  line,  for  such  is  tbc  line  which 
either  would  follow  if  free  to  move.  The  attractive  force  is  not 
altered,  eitbcr  in  Hireetion  or  amount ,  if  a  third  Ixxly  is  made  to 
act  by  grriTitation  or  otherwise  upon  either  or  both  of  the  two 
first.  A  balanced  cylinder  of  brass  gravitate-i  to  the  earth  with 
a  weight  exactly  the  same,  whether  it  is  left  like  a  pendulum 
freely  to  hang  towards  iXj  or  whether  it  is  drawn  aside  by  other 
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Httxaction  or  1^  tension,  whatcvrT  the  nmoant  of  the  latter  may 
be.  A  new  f^vitating  force  msr  be  cxcrtctl  upon  a,  bnt  that 
doe*  not  in  the  least  nflcct  the  amonnt  of  power  which  it  exerts 
tovtrdfl  b.  We  have  no  evidence  that  limr  entent  in  any  way 
into  the  exercise  of  this  power,  whatever  the  distance  betveen 
the  acting  bodies,  ai  that  from  the  sun  to  the  earth,  or  from  star 
to  itar.  \Vc  cau  hardly  conceive  of  tliis  force  iu  one  particle 
b;  itself;  it  is  when  two  or  more  are  present  that  we  comprelicnd 
it:  yet  in  f^ininp  this  idea  we  perceive  no  difference  in  the 
eliaracter  of  the  jwiwer  iu  the  different  particloa ;  all  of  the  same 
kind  ore  equal,  muttial,  and  aiike.  In  the  cose  of  gravitation,  no 
effect  which  stutaiDs  the  idea  of  an  independent  or  physical  lino 
of  force  is  presented  to  os  ;  and  im  far  as  wc  at  present  know,  the 
line  of  gravitation  is  merely  an  idca.1  Lae  representing  the  direc- 
tion in  which  the  power  is  exerted. 

Take  the  Sun  in  relation  to  another  force  which  it  exerts  upon 
the  earthj  namely  its  illuminating  or  warming  power.  In  this 
ouc  rays  (which  are  lines  of  force]  pasx  across  the  intermediate 
vpioc;  but  then  we  may  affect  these  Hues  by  dilFcrcut  media 
applied  to  them  in  their  course.  We  may  alter  their  direction 
either  by  reflection  or  refraction ;  wc  may  make  them  pursue 
curved  or  ungnlnr  coitrscs.  We  may  cut  them  off  at  their  origin 
and  then  search  for  and  find  them  before  they  have  attained 
their  object.  Thry  have  a  relation  to  time,  and  occupy  8  luinutca 
in  coming  from  the  sun  to  the  earth  :  so  that  they  may  exist 
indcpcndcnily  either  of  their  source  or  their  final  homo,  and 
have  in  fact  n  clear  distinct  physical  existence.  They  are  iu 
extreme  contrast  with  the  ltnc5  of  gravitating  power  in  this 
rcspoctj  a^  they  arc  also  in  respect  of  their  condition  at  their 
terminations,  The  two  bodies  terminating  a  line  of  graritating 
force  arc  alike  in  their  actions  in  every  respect,  and  so  the  line 
joining  them  has  like  relationsi  iu  both  directions.  Tlic  two 
bodies  at  the  terminals  of  a  ray  are  utterly  imlikc  in  action  j  one 
is  a  source,  the  other  a  deatroyer  of  the  line ;  and  the  line  itself 
has  the  relation  of  a  stream  flowing  in  one  direction.  In  these 
two  cases  of  gravity  and  radiation,  the  difference  between  an 
abstract  and  a  physical  lino  of  force  ia  immediately  manifest. 

Turning  to  the  case  of  Static  lilectricity  we  find  here  attrac- 
tions (and  other  actions)  at  a  distance  as  in  the  former  cases; 
but  when  we  come  to  compare  the  attraction  with  tliat  of  gravity. 


physical  lititt  of  elecMe /oret  i — 

very  striking  distinctions  are  prescbted  irhkh  immedijitely  &0bct 
the  qaostioa  of  a  phj-aical  liuc  of  force.  In  tbc  first  place,  when 
wc  cxnminc  the  bodies  buunditig  or  tcnmii&tiug  the  lines  of 
altraclion,  ue  fiud  tLcm  us  before,  mutuillj  and  e(|miUy  Ltin- 
cemed  in  the  action ;  but  they  htc  not  alike :  ou  tlie  contrary, 
though  each  is  endued  »ith  a  force  which  spcakiiit;  generally  is 
of  the  like  nature,  still  they  arc  in  such  contract  tliat  their  octiuns 
on  a  third  body  in  a  state  like  cither  of  them  arc  precisely  the 
rcveree  of  ejwiU  otliefj — wliat  the  one  attracts  the  other  rejwls  ; 
and  the  fon;o  makes  itself  evident  as  one  of  those  luonifcstatiou* 
of  power  endued  with  a  dual  and  antithetical  condition.  Now 
with  all  »iich  dual  pnncrsj  attraction  cannot  occur  uiilos  the 
two  coudittona  of  force  arc  present  and  to  face  of  caeh  other 
through  the  lines  of  force.  Another  essential  limitation  is  that 
these  two  conditions  must  be  exactly  equal  in  amount,  not  merely 
to  prctduce  the  effEcts  of  attraction,  hut  in  crery  other  ca«e;  for 
it  is  impossible  so  to  arrange  thingH  that  there  shall  be  present 
or  be  evolved  more  electric  power  of  the  one  kind  than  of  the 
other.  Another  limitation  is  that  they  must  be  in  physical  rela- 
tion to  each  other;  and  that  vbcn  a  jM)Eitire  and  a  negatirc 
electrified  surface  arc  thus  asKOciated,  we  cannot  cut  off  this 
relation  except  by  trsuisfcrring  the  forces  of  these  surfaces  to 
cipiul  amounts  of  the  contrary  forces  prorided  elsewhere.  An- 
other limitation  is  that  the  potrcr  is  definite  in  amount.  If  a 
hall  a  be  charged  with  10  of  positive  electricity,  it  may  be  made 
to  act  with  lliat  amount  of  power  on  another  ball  A  ebargcd  with 
10  of  negative  electricity  ;  but  if  5  of  its  power  be  taken  up  by 
a  third  hall  c  charged  with  negatirc  electricity,  then  it  can  only 
;t  with  5  of  powur  ou  ball  a,  and  that  ball  mu»t  find  or  evolve 
of  positive  power  i-Liewhcre  :  this  is  cjuite  unlike  what  occurs 
with  gravity,  a  powcT  that  presents  us  with  nothing  dual  in 
it«  chaTBcter.  Finally,  the  electric  force  acts  in  cuned  lines. 
If  a  ball  be  electrified  positively  and  insulated  in  the  air,  and  a 
round  metallic  plate  be  placed  about  13  or  15  inches  otT^  facing 
it  and  uninsulated,  the  latter  will  he  found,  by  the  necessity 
iDCntioned  above,  in  a  negative  condition  ;  hut  it  is  not  negative 
only  on  the  side  facuig  tbc  ball,  but  on  the  other  or  outer  face 
also,  as  may  be  nhuwn  by  a  carrier  applied  there,  or  by  n  strip 
of  gold  or  silver  leaf  hung  against  that  outer  face.  Now  the 
power  nfTeeiiug  this  face  docs  not  pass  through  the  nuinjoilated 
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plate,  for  the  thinnest  gold  Icnf  U  oblc  to  stop  the  inductive 
aetiou,  but  round  the  edges  of  the  face,  find  therefore  nets  m 
curved  lines.  All  these  points  indicate  the  c-xifltcncc  uf  physical . 
lines  of  electric  force: — the  abMjlutcly  essL-uti<d  rclatiuii  of 
positive  and  ncj^ativc  surfaces  to  each  other,  aud  their  depen- 
dence on  each  other  contrasted  with  the  known  mobility  of  the 
forcc-1,  admit  of  no  other  eoiiclusiuu.  The  action  also  in  curved 
lines  must  depend  upon  a  physical  line  of  force.  And  there  is 
a  third  important  character  of  tJic  force  kading  to  the  same 
reanlt,  namely  its  affection  by  mwUa  having  ditrcrcnt  specific 
inductive  capacities. 

When  we  pass  to  Dynamic  Electricity  the  evidence  of  physical 
lines  of  force  in  far  more  patctit.  A  voltaic  battery  ha\-irig  its' 
extremities  couuccted  by  a  conducting  nicdiuui,  liax  nhat  hoa 
bceu  cxpreavivcly  called  a  current  of  force  running  round  the 
circuit,  but  this  current  ia  an  axis  of  power  having  equal  and 
contrar)'  forces  iu  opposite  dircctiouo.  It  eousi^ita  of  linci>  of 
force  which  are  comprett.'icd  or  expanded  according  to  the  trans- 
verse action  of  the  conductor,  which  changes  in  direction  with 
the  form  of  the  conductor,  vrhicU  are  fuund  in  every  j>art  of  tho. 
conductor,  and  can.  be  taken  out  from  mty  place  by  chaunck 
projicrly  appointed  for  the  purpose;  and  nobody  doubts  tJiat 
they  are  physical  lines  of  force. 

Finally  as  regards  a  Magnet,  which  is  the  object  of  the  prcscut 
discourse.  A  magnet  preseuts  a  system  of  forces  perfect  in  it^iclf, 
and  able,  therefore,  to  exist  by  its  own  mutual  relations.  It  has 
the  dual  and  antithL-tic  character  belonging  to  both  Btatic  and 
dyuamic  electricity;  and  this  is  made  manifest  by  wliat  are 
called  its  polarities,  i.  e.  by  the  opposite  jiowera  of  like  kind 
found  at  and  towards  its  cxtrcmitic!<.  Tlic&c  powers  arc  found 
to  be  absolutely  ctjual  to  each  other;  one  cannot  be  changed  in 
any  degree  as  to  amount  tvithont  an  equal  change  of  the  other; 
and  this  is  true  when  the  opposite  polarities  of  a  magnet  are  not 
related  to  eacK  other,  but  to  the  polarities  of  other  magnets. 
The  polarities,  or  the  norlkni^as  and  tautkneaii  of  a  magnet  arc 
not  only  related  to  each  other,  through  or  within  the  magnet 
itself,  but  they  are  also  related  externally  to  o]ipo«ite  polarities 
{in  the  manner  of  static  electric  induction),  or  they  cannot  exist ; 
and  this  external  relation  involves  aud  ueecKsitates  an  exactly 
(rtpial  amomit  of  the  uew  opposite  polarities  to  which  those  of 
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the  mikgaet  are  related.  So  that  if  tbe  force  of  a  magnet  a  U 
related  to  that  of  auotbcr  mngnot  b,  it  canuot  act  on  a  third 
magnet  c  without  being  tukcu  off  from  b,  to  an  amount  proper- 
tiuiial  to  it«  action  on  c.  The  lines  of  magnetic  force  nre  shovn 
by  the  monng  wire  to  exist  both  within  and  outside  of  the 
magnet ;  &1bo  thcjr  arc  shown  to  be  closed  curves  passing  in  one 
prut  of  their  course  through  the  magnet ;  and  the  amount  of  those 
within  the  magnet  at  its  equator  is  exactly  equal  iu  force  to  the 
amount  in  any  section  including  the  whole  of  those  on  the  out- 
siflr.  T!ic  lines  of  force  imtsidr  a.  magnet  can  be  atTeetcd  in 
their  dtrcction  by  the  use  of  v&rious  media  iilaccd  in  tfaoir  conrte. 
A  magnet  can  in  no  way  be  procured  having  only  one  magnetism, 
or  even  the  sraallrst  excess  of  northncds  or  »outhne*s  one  over 
tlie  other.  When  the  polaritieii  of  a  magnet  are  not  related 
externally  to  the  forces  of  other  magnctii,  tbcn  tbey  arc  related 
to  each  otbt-r;  i.  e.  the  norlhticss  and  soutbncss  of  an  ittotatod 
magnet  are  extcrnlly  dependent  on  and  sustained  by  each  other. 

Now  all  these  facta,  and  many  more,  point  to  the  existence  of 
physical  lines  of  force  oxtonial  to  tbc  magneta  as  well  an  witliiu, 
Tlicy  exist  iu  cur\-ed  as  well  as  in  straight  lines ;  for  if  we  con- 
ceive of  au  isolated  straight  bar-magnet,  or  more  especially  of  a 
round  disc  of  steel  magnetised  regularly,  so  that  its  maf^etic 
axis  shall  be  in  one  diameter,  it  is  evident  that  the  polarities 
must  he  related  to  each  oilier  externally  by  curved  lines  of  force ; 
for  no  straight  line  can  at  the  same  time  touch  two  poiut<i  baring 
uorthncss  and  wuttinesn.  Curved  lines  of  force  can,  as  I  think, 
only  couHist  with  pliynical  lines  of  force. 

The  pbocnomcna  cxbibited  by  the  moving  wire  confirm  the 
same  eonrhision.  As  the  wire  move*  arross  the  Hnes  of  force,  a 
corrent  of  electricity  pnsses  or  tends  to  pass  through  it,  there 
being  no  such  current  before  the  wire  is  moved.  Thevrirewhen 
quiescent  has  no  such  current,  and  when  it  moves  it  need  not 
p8«H  into  places  wlierc^  the  magiietie  force  is  greater  or  Icaa.  It 
may  travel  iu  such  a  course  that  if  a  magnetic  oeedlo  were  carried 
through  the  same  pourse  it  woiihl  be  entin-ly  unaffected  mag- 
netioally,  i.  e.  it  would  be  a  matter  of  utwuhite  inilifTcrcnee  to  the 
needle  whether  it  were  movtug  or  still.  Matters  may  be  so 
arranged  that  the  wire  when  atill  Hhall  have  the  same  diamagnctic 
force  a>i  the  medium  surrounding  tbe  magnet,  and  so  in  no  way 

ic  disturbance  of  the  lines  of  force  passing  throogfa  both ; 
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and  yet  whca  the  wire  moves,  a  current  of  electricity  slioU  be 
generated  in  it.  The  mere  fact  of  motion  cannot  liave  prodaoed 
tliis  current :  tlierc  mufit  have  been  a  state  or  condition  around 
the  magnet  and  sustained  hy  it,  within  the  raugc  of  whicii  the 
wire  was  placed ;  and  this  Btatc  abons  the  physical  coustltution 
of  the  lines  of  magnetic  force. 

What  this  state  is,  or  upon  what  it  depends,  cannot  as  yet  be 
declared.  It  may  dejiend  upon  the  tether,  as  a  ray  of  light  does^ 
aud  oil  association  has  already  lieeii  showu  betuiien  light  and 
maguetism.  It  may  depend  upon  a  state  of  teustou,  or  a  stat«  of 
ribratioQ^  or  perhaps  some  other  state  analogous  to  the  electric 
current,  to  which  the  magnetic  forces  arc  so  intimately  related. 
Whether  it  of  Deccssity  requires  matter  for  its  sustcntation,  will 
depend  upon  what  is  uudcrBtoodby  thetcrm  matter.  If  that  is 
to  be  coufined  to  ponderable  or  gravitating  substances^  then 
matter  i»  not  essential  to  the  physical  lines  of  magnetic  force  any 
more  than  to  a  ray  of  light  or  heat ;  hut  if  in  the  assumption  of 
an  tether  wc  admit  it  to  be  a  «pccic4  of  matter,  then  the  lines  of 
force  may  depend  upon  some  function  of  it.  Kxpcrimentally 
mere  space  is  magiictie}  but  then  tlie  idea  of  such  mere  space 
mtiKt  ioclude  that  of  the  aether,  when  one  is  talking  on  that  bclicfi 
or  if  hereafter  any  other  conception  of  the  state  or  condition  of 
space  riac  up,  it  must  be  admitted  into  the  view  of  that,  wliich 
just  now  in  relation  to  experiment  is  called  mere  space.  On 
the  other  hand  i  t  is,  I  think,  an  ascertained  fact,  that  ponderable 
matter  i^  not  essential  to  the  existence  of  phyiilcal  lines  of  mag* 
uetic  force. 


On  the  Magnetie  Rcfations  and  Character*  of  the  Metala ' 

In  two  former  communications  to  the  Pbilosopliical  Magnziao  * 
respecting  tlic  magnetic  cbaroctcra  of  mctaU  gcncmlly  and  the 
temperatures  »t  which  Ihey  iT»p«!tiveIy  lost  or  gninofl  tlic 
poucrs  of  magnetic  induction,  I  said  that  iron  and  nickel  were 
the  only  metals  which  hat)  this  t)owcr,and  Uiat  I  could  not  find 
it  in  pure  cobalt.  In  thiit  I  was  in  error;  cobalt  hiu  this  pro* 
pcrty  iu  corotnou  with  iron  and  utckd,  aa  others  Lave  said.  1 
have  fionght  for  the  piece  of  cobalt  on  which  I  experimented 
itnd  Iwliei'cd  to  be  pure,  but  cannot  find  it,  and  am  now  unable 
to  naccrtaiu  tlic|  cause  of  my  error,  though  not  too  late  to 
correct  it. 

By  favour  of  Dr.  Percy  and  Mr.  Askin  I  hare  recently  ex- 
perimented witli  two  fine  pieces  of  pure  col>alt  prepared  by  i  he 
latter,  both  being  well-fused  and  j>crfcctly  cleau  uut^sc^.  This 
metal  becomes  strongly  magnetic  by  iuduction^  cither  of  a  mag- 
net or  an  clcctro-ciirrcnt,  and  can  cwily  be  made  to  lift  more 
tlinn  its  own  weight.  Like  soft  iron  aud  nickel,  it  docs  not 
retain  its  mngnetism  when  the  inducing  infiucncc  i»  removed. 

It  was  to  me  a  jioiut  of  great  interest  to  ascertain  whether, 
and  at  what  temperature^  cobalt  would  lose  this  power  and  be- 
come US  the  unmagiictie  metals.  To  my  surprise  I  found  this 
to  be  rcry  high,  not  merely  much  higher  than  with  nickel,  but 
f&r  above  tliut  required  for  iron  or  steel,  and  ucoriy  apiinuiching 
the  temperature  of  melted  copper.  That  for  iron  ia  amodcratc 
red  heat,  aud  that  for  uickel  the  temperature  of  boiling  oil  only. 
As  the  temperature  rise*,  the  niaguelic  force  of  the  cobalt  con- 
tinues, apparently  undimini»licd,  to  a  certain  degree  of  heat,  aud 
then  suddenly  ceases  ;  and  it  cornea  on  as  suddenly  in  descending 
from  still  higher  tempetaturcs. 

The  oxide  of  cobalt  procured  by  burning  the  metal  cobalt  oit 
charcoal  by  a  jet  of  oxygen  wan  obtnined  as  a  fused  globule  and 
was  not  magnetic. 

The  oxide  of  nickel  being  bcntcd  and  cooled  is  not  magnetic, 
but  whilst  heating  care  must  be  token  that  it  is  not  reduced.  If 
heated  in  the  flame  of  a  Bpirit-lamp,  especially  at  the  lower  port, 

*  Philmopfaicat  Mugaxinc,  July  18-lu. 
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it  will  oftcQ  a]Tpcar  to  benotniBgnctic,  and  then  aa  tlictcinpcra> 
turc  falU  wilt  become  magnetic  ;  but  this  is  cau»cd  by  ttic  reduc- 
tion of  a  little  of  the  oxide  at  the  cdRea  or  elsewhere  in  tbc  maaa 
to  the  metullie  state,  and  its  exhibition  of  the  properties  of  the 
me/a/ at  temperatures  above  aud  below  the  magnetic  point. 

Mangancsif. — A  piece  of  manganese  prepared  by  Mr.Thonipson 
and  eousidercd  pure  was  put  into  my  hniids.  It  contained  a 
trace  of  iron ;  it  was  very  slightly  magnetic,  and  probitbly  only 
in  conBcquenco  of  the  little  iron  present.  Before  a  jet  of  oxygen 
or  cimreoal,  il  burnt  with  sparklet)  uimcwliftt  in  the  manner  of 
iron,  and  produced  an  oxide  which  could  be  obtained  cither  aa  a 
porous  white  mass  or  as  a  dense  compact  brown  maas,  traiiis-j 
lucent  in  small  slices ;  but  In  ucitlicr  state  was  the  oxide  mag-l 
DC  tic. 

1  then  cooled'  raangnnesc,  chroTninnij  and  many  otlicr  metals 
ajjd  bodies  to  the  lonests  temperature  which  I  could  obtain  by  n 
mixture  of  a:tlicr  and  solid  earhonic  acid  placed  in  cacuo^,  the 
temperature  being  then  not  higher  than  15R"  F.  below  C,  hut 
not  one  of  them  aatumed  the  magnetic  state.  The  following  is 
a  list  of  the  substances  : — ■ 

Speculum  metal. 

Plumbago. 

Gaa-rctort  carbon. 

Kisb. 

Orpiraent. 

Healg-ir. 

Sulphuret  of  antimony, 

bismuth. 

copper. 

iron. 

lea<l. 

nlver. 

tin. 
Carbonate  of  iron  {notirc] . 
Prussian  blue. 
CrystnlliKedsulphateofiron. 
Calomel. 
Chloride  of  silver. 

KIT. p.  102;  or  Eip.  B«8.  wl.it.  p.  224. 
pp.  1-57, 168. 


I'latinum. 

Oold. 

Silver. 

Palladium. 

Copper. 

Tin. 

Lead. 

Cadmium. 

Zinc. 

Rhodium. 

^1  anganese. 

Chromium. 

Titanium. 

Iridium  and  Osmitim. 

Antimony. 

Arsenic. 

Dismnth. 

I'usihlc  metal. 

'  rhilosophicJilSlngMin*,  lft3(»,vnl. 
'  riiiloaophical  Tranjactjonfl,  1*^-5, 
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Cliloridc  of  lead. 
Protoude  of  aneoic. 

antimony, 
lead. 


Oxide  of  bismuth. 
...  tiQ  (natire). 
...  manganeite  (naCir«),~ 


Thus  it  appears  tliat  only  iron,  nickel  and  colwlt  arc  mag- 
netic, or  canbcm&dcmagiicticamoDgGt  metals  after  the  manner 
of  iron  ;  but  the  addition  of  cobalt,  and  fttiU  more,  the  very  high 
temperature  required  to  take  away  this  property  fi-om  it,  in- 
creases the  prubability  '  that  all  the  inctaln  form  a  common  c\am 
in  reapcci  of  this  property  ;  and  that  it  in  only  a  difference  of 
tem]}cratiiTC  which  distinguishes  these  three  from  the  rest,  just 
as  it  also  in  a  simitar  rcapect  diatinf^iishes  them  from  each  other. 

In  connexion  with  the  effect  of  heat  it  may  be  rcmarhod  (ami 
prrhftpa  has  been  remarked  already],  that,  asaoming  an  elevated 
trmpcmtHrc  for  the  internal  pnrts  of  the  earth,  then  it  is  evident 
that  at  u  very  moderate  distance  from  the  surface,  as  compared 
with  the  earth's  diameter,  the  substance*  coniposing  the  earth 
must  he  destitute  of  &nch  mngnetie  power  aa  is  possessed  by  a 
magnet ;  and,  »t  a  dititance  somewhat  grejiter,  none  of  tliem  can 
retain  even  that  power  which  &uft  iron  has  of  liccoming  magnetic 
by  induction.  In  such  caac,  vrhitlirr  the  earth  Iw  considereilaji 
ma^elic  of  itself,  like  a  loadstone,  or  rendered  muguctic  by  in- 
duction under  the  influence  of  external  magnetic!  masses,  oa  the 
sun  for  inHtanc*; ;  still  it  can  only  be  in  its  crust  that  tltc  inag^mrtic 
power  could  be  developed.  Asauniiiig  with  Auipurc,  that  the 
mai^nctism  of  the  earth  is  due  to  electric  current*  circulating 
around  it  parallel  to  the  equator,  then  of  course  the  above  ob> 
scrvations  regarding  the  cflect«  of  beat  would  not  appl/- 

Roifai  iHatilulion, 
JwK  7,  lS4o. 

'  Fhilooupbical  Mn^sjune,  1630,  vol.  Tiii.  p.  177 ;  or  Exp.  Rm.  IL  S17. 
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Dbael  SiRj 

At  your  request  T  will  cnfloaroiir  to  oonvey  to  ywi  a  notion  of 
that  which  I  renturtMl  to  say  at  tlie  close  of  the  Inst  Fridiiy- 
evuning  Meeting,  iucidcutal  to  the  account  T  gave  of  "Wheat- 
stone's  cleclro-niagucticchrouoscoiic;  hut  from  first  to  last  un- 
derstaad  tliat  I  merely  threv  out  ba  matter  for  speculation,  thu 
vague  impressions  of  my  mind,  for  I  garc  nothing  as  the  result 
of  sntEcient  consideration,  or  as  the  settlc<l  conviction,  or  even 
probable  conclusion  M  which  I  liad  arrived. 

The  point  intended  to  be  set  forth  for  consideration  of  tbc 
hcarcns  was,  whether  it  w;is  not  possible  that  the  vibrations 
irLicL  in  u  certain  theory  aic  as«)umcd  to  account  for  mdiatioa 
aJid  nutiaat  phseiiomeua  may  not  occur  in  the  line»  of  force 
which  connect  particles,  and  consequently  maj»e-<i  of  matter 
together;  a  notion  which  as  far  ta  it  ts  admitted,  will  dispense 
with  the  sether,  which,  in  another  view,  Is  supposed  to  be  the 
medium  iu  which  tlie^c  vibnitioits  take  place. 

You  arc  aware  of  tlio  speculation  '  which  I  some  time  since 
uttered  respecting  that  view  of  the  nature  of  mutter  which  con- 
siders its  ultimate  utouui  as  centrea  uf  foree,  and  not  as  so  many 
little  bodies  Burrouudcd  by  forces,  the  bodies  being  considered 
in  the  abstract  as  independent  of  the  forces  and  capable  of 
existing  without  them.  In  the  latter  view,  these  little  particlca 
have  n  definite  form  and  a  certuin  litnttcd  size;  in  the  former 
view  such  is  not  the  ease,  for  that  which  represents  size  may  be 
considered  as  extcuiling  to  any  distance  to  which  the  lines  of 
force  of  the  particle  extend  :  ttiu  particle  indeed  is  suppcwcd  to 
exist  only  by  these  forces,  mid  nrhcrc  they  arc  it  is.  The  con- 
sideration of  matter  under  tins  view  gradually  led  me  to  look  at 
the  lines  of  force  as  being  perhaps  the  seat  of  the  vibrations  of 
radiant  phieaomeua. 

Another  consideratiou  bearing  coBJointly  on  the  faypotbetical 
view  both  of  matter  and  radiation,  arises  from  the  comparison 

■  PbUosophic&l  &b{;iuiiie,  S.  'i,  vol.  xxriii.  No,  168,  May  IdM. 

*  PhlUiKipbicsl  Jifitgaiiue,  1344,  vol.  xxir.  [>.  130  ;  or  Exp.  ]tu«.  U.  234. 
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of  tlic  velocities  with  wLich  the  radiant  action  and  certain  powrrs 
of  matter  ore  transmitted.  The  velocity  of  light  tUrougli  space 
18  about  100,000 mile*  in  a  second;  therelocityof  electricitj' is, 
by  the  expi'riraents  of  Wheatstono,  shown  to  be  m  great  as  this, 
if  not  greater  :  the  light  is  supposed  to  be  transmitted  by  ribra* 
tioiis  Ihron-;!!  an  icther  which  isj  90  to  speak, dcstitatcof  gravi- 
tation, Emt  iiitinite  ill  elasticity  ;  the  electricity  ia  traosmittcd 
through  a  small  metallic  wire,  and  is  often  viewed  as  tmnsmitted 
by  vibrations  aUo.  That  the  electric  transference  depends  on 
the  forces  or  powers  of  the  matter  of  the  wire  eau  hai-dly  be 
doubted,  when  we  consider  the  different  eonductibility  of  the 
varions  metallic  and  otlicr  hodi(»;  the  means  of  ultectiug  it  by 
heat  or  cold ;  the  way  in  which  couductiiig  bodies  by  combina- 
tion enter  into  the  constitution  of  non-condueting  substanccii, 
and  the  contrary;  and  the  actual  existence  of  one  elementary 
body,  carbuii,  bolh  iuthe  conducting  and  non-coiidncting  state. 
The  power  of  elcctrie  conduction  [being  a  trnnsmiHsion  of  force 
eqaat  in  velocity  to  that  of  light)  appears  to  be  tied  up  in  and 
dependent  upon  tiic  pro[>crtics  of  the  matter,  and  i«,  as  it  werCj 
existent  iu  tbcni. 

I  suppose  we  may  compare  tc^ther  the  matter  of  the  aether 
mid  orditinry  matter  (a»,  for  instance,  the  copper  of  the  wire 
through  which  the  electricity  is  conducted),  and  consider  them 
as  alike  in  their  c»scntiid  constitution ;  i.  e.  cither  as  both  com- 
posed of  little  nuclei,  eonsidcred  in  the  abstract  as  matter,  and 
of  force  or  poircr  associated  with  these  mielei,  or  else  both  con- 
sistiiig  of  mere  centres  of  furcc,  according  to  tioscovich's  theory 
and  the  view  put  forth  in  my  epL-culatiou ;  for  there  is  uo  reason 
to  assume  ttuit  the  nuclei  arc  more  requisite  in  the  one  case 
than  in  the  other.  It  is  true  that  the  copper  graritates  and  the 
mther  docs  not,  and  that  therefore  the  copper  is  poudcrjihle  and 
the  icthcr  is  not ;  but  that  cannot  indicate  tlic  presence  of  naclci 
in  the  copper  more  than  in  the  srthcr,  for  of  all  the  powers  of 
mottcr  gravitation  is  the  one  in  which  the  force  extends  to  the 
greatest  possible  distance  from  the  supposed  nncloua,  being  in- 
finite in  relation  to  the  bijc  of  the  latter,  and  retliicing  that 
nucleus  to  a  mere  centre  of  fgrce.  Tlic  smallest  atom  of  matter 
on  tJic  earth  nets  dirL-ctly  on  the  smallest  atom  of  matter  in 
the  suu,  though  they  are  UJ,(H)(>,OOU  of  miles  apart ;  further, 
atoms  which,  to  our  knowledj^c,  are  at  least  nineteen  times  that 
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distance,  and  iudued,  in  oomrtary  muses,  far  more,  arc  in  a 
similar  wny  tied  together  by  the  Hnea  of  force  extending  from 
and  Iwlonffin);  to  oaeli.  Wliat  is  tlierc  ia  tlie  condition  of  the 
parti(.ies  uf  tlie  supposed  iethcr,  if  tlicrc  be  even  only  one  such 
particle  between  ua  and  the  sun,  that  can  iu  sulitility  and  extent 
cumpure  to  this  ? 

Let  U9  not  be  confused  by  the  poadcrabiiity  atid  gramleiion 
of  heavy  matter,  as  if  tliey  proved  the  presence  of  the  abstract 
nuclei  J  these  are  due  not  to  the  nuclei,  but  to  the  force  Bujwr- 
added  to  them,  if  the  nuclei  exist  at  all ;  and,  if  the  iPther  parti- 
cles 1)Q  without  this  force,  which  according  to  the  ».-«»uniplion  is 
the  case,  theti  they  are  moremuteriul,  iit  the  uhstrHCt  Beime,  than 
the  matter  of  this  our  globe  ;  tor  matter,  u-eeordiuK  to  the  aa- 
snmpliot),  beiug  made  up  of  nuclei  and  force,  the  tether  parti- 
den  have  in  this  respect  proportiouately  more  of  the  uuclens  and 
leas  of  the  force. 

On  the  other  hand,  the  infinite  cla»tiL-ity  assumed  us  belong- 
ing to  the  particles  of  the  tether,  ia  as  striking  and  positive  a 
force  of  it  as  gravity  U  of  poiulernblc  particles,  and  prodnecs  in 
ita  way  effects  a*  groat ;  in  ivilnes*  whereof  mt  have  all  tho 
varieties  of  radiant  agency  as  exhibited  in  luminous,  culoriflc, 
and  actinic  pha-nonienti. 

Perhaps  I  am  in  error  in  tliiuking  the  idcn  generally  formed 
of  the  (cthcr  is  that  its  nuclei  arc  almost  infinitely  small,  and 
that  sueh  force  sa  it  has,  namely  its  elasticity,  is  almost  iutinitcly 
intruRe.  Ttiit  if  such  lir  the  received  notion,  what  thi-ii  in  left  in 
the  Hither  hut  force  or  a-ntres  of  force  ?  Aa  gravitation  and 
solidity  do  not  belong  to  it,  jicrlmps  many  may  admit  tliis  con- 
cluviou;  but  what  are  gravitation  and  solidity  ?  certainly  not  the 
weight  and  contact  of  the  ahatract  nuclei.  The  one  is  the  eou- 
Bei^nencc  of  an  atlractive  force,  which  can  act  at  distances  u 
great  as  the  mind  of  man  eiiii  estimate  or  conceive ;  and  the 
other  is  the  eousetineucc  of  a  repulsive  force,  whieh  I'urbida  for 
ever  the  eoutact,  or  touch  of  any  two  nuclei ;  so  tliat  these 
powers  or  propcrticB  should  not  in  any  d<>pree  lead  those  per- 
'■ona  who  eoneeivc  of  the  aitlicr  a*  a  thing  consisting  of  force 
only,  to  think  any  otherwise  of  poiidirratile  matter,  except  tliat  it 
has  more  and  other /.rcrj*  asauciatcd  with  it  than  the  tether  has. 

In  esiHirinicntal  philosophy  wo  can,  by  the  phictomena  pre- 
sented, recognize  various  kinds  o£  lines  of  force ;  thus  there  arc 
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tbo  lines  of  gravitnting  force,  those  of  electro- static  induction, 
llioee  of  magnetic  actioii,  and  others  partaktug  of  u  dirnamic 
character  might  Lc  iwrhnps  iiichidfil.     The  tines  of  electric  aud 
magnetic  uctiou  lire  by  many  considered  as  exerted  through  space 
like  the  Unca  of  gravitatiug  force.  For  my  otfu  part,  I  incline 
to  bt-lievc  that  when  there  are  iiiterveuiug  particles  of  matter 
[being  themselves  only  centres  of  force),  they  take  part  in  t-arrj-- 
ing  on  the  force  through  the  lino,  bat  that  whcnthereore  none, 
the  line  proceeds  tlirough  space '.    "Whatever  the  ricw  adopted 
respecting  them  may  be,  vtc  enn,  at  all  events,  affect  thei«e  lines 
of  force  in  a  manner  which  may  be  conceived  as  partaking  of  the 
nature  of  a  shake  or  iBtcraf  ribrntion.     For  suppose  two  hodifM, 
A  D,  distant  from  each  othi-r  and  uudcr  nmtuuJ  action,  and 
therefore  connected  by  Hncsof  force,  and  lot  us  fix  our  attention 
upou  one  resultant  of  force,  having  aii  invariabk'  direction  as  re- 
gards space  ;  if  ouc  of  the  bodicK  move  in  the  least  decree  right 
or  left,  or  if  its  power  be  shifted  for  a  moment  within  the  ronsfl 
(neither  of  these  cases  being  difficult  to  realine  if  A  and  B  l>e 
either  electric  or  magnetic  bodice] ,  then  au  effect  equivalent  to  a 
lateral  disturbance  will  take  place  in  the  resultant  upon  which 
we  are  fixing  our  attention  ;  for,  either  it  will  increase  in  force 
whilst  the  uetghbouring  i-esiiltants  are  diminishing,  or  it  will  faJI 
in  force  as  they  are  increasing. 

It  may  Iw  asked,  what  lines  of  force  are  there  in  nature  whidt 
arc  flttcd  to  convey  such  an  action  aud  supply  for  the  vibrating 
theory  the  place  of  the  %lher  ?  I  do  not  pretend  so  answer  thia 
qucdtion  with  any  coniideuce  ;  all  I  etui  say  is,  that  1  do  not  per- 
ceive in  any  part  of  space,  whether  (to  use  the  common  phrase) 
vacant  or  filled  with  matter,  any  tiling  but  forccnand  the  lines  in 
which  they  arc  exerted.  The  lines  of  weight  or  graritntiug 
force  are,  certainly,  extcnirive  enough  to  answer  in  this  rcBpect 
fmy  donaud  made  ujwn  them  by  radiant  phxuomeaa  ;  and  ao, 
probably,  arc  the  lines  of  loagnctie  force:  and  then  who  cao 
forget  that  MoBsotti  Ims  shown  that  gravitatiou,  aggregation, 
electric  force,  and  electro- chemical  action  may  all  hare  one 
common  connr-ctiou  or  origin;  nud  so,  iu  their  actions  at  a 
diataaoe,  may  liaTe  iu  common  that  iatinite  scope  which  some 
of  these  actions  arc  known  to  posacas? 

'  Expednumul  JlctK-arclin  in  Electritily,  pan.  1101, 1618,  1003, 1770, 
irSO,  173S,  3-1-lS. 
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The  view  which  T  nm  so  bold  a»  to  put  ftirlL  consideri,  there- 
fore, radiation  as  a  high  Rpecies  of  vibration  in  the  liiica  of  force 
irhicli  arc  kaowu  to  connect  particles  and  also  maseGti  of  matter 
together.  It  cudeuvoure  to  dismisa  the  mthcr,  hut  not  the 
Tibratiou.  The  kind  of  vibration  which,  I  belipT-e,  can  alone 
account  for  the  wonderful,  varied,  and  beautiful  pha>nomeua  of 
polarijcation,  is  not  the  same  as  that  which  occurs  on  the  xurface 
of  diafcurhcd  water,  or  the  waves  of  aound  in  gases  or  liquids^ 
for  the  vibratioua  in  these  casca  are  direct,  or  to  and  from  tbo 
centre  of  action,  whereas  the  formor  arc  lateral.  It  iccms  to  mCj 
that  the  re-sultatit  of  two  or  more  lines  of  force  is  in  an  apt  con* 
ditioa  for  that  action  which  may  be  conaideixMl  an  equivalent  to 
a  lateral  vibration ;  whereas  a  uniform  medium,  like  the  vtherj 
docs  not  appear  apt,  or  mure  apt  than  air  or  water. 

llie  oceurrenee  of  a  change  at  one  end  of  a  liue  of  force  easily 
saggeats  a  conitcquent  change  at  the  other.  The  propagation  of 
light,  and  therefore  probably  of  a]I  radiant  action,  occupies  timef 
and,  that  a  ribration  of  the  line  of  force  ahonld  account  for  tho 
phicnomcna  of  radiation,  it  is  neccaeary  that  such  ribration 
should  occupy  time  also.  1  am  not  aware  whether  there  are  any 
data  by  which  it  has  been,  or  could  be  aecertained  whctlier  nnch 
a  power  as  gravitation  acts  without  occupying  time,  or  whether 
line^  oi  force  being  already  in  existence,  such  a  lateral  dis- 
turbaiicc  of  them  at  ouv  end  us  I  hure  suggested  above,  would 
require  time,  or  uuat  of  ucccssity  be  felt  iiutantly  at  the  other 
end. 

As  to  that  condition  of  the  lines  of  force  which  represents  the 
assnmed  high  elasticity  of  the  scther,  it  cannot  in  this  respect  be 
deficient :  the  question  lierc  seems  rather  to  \rc,  whether  the  linca 
arc  sluggish  enough  in  their  action  to  render  them  equivalent  to 
the  letlier  in  respect  of  the  time  known  experimentally  tu  be  oc- 
cupied in  the  trani4mix«ion  of  radiant  force. 

The  ffithcr  is  uajtumed  ai  pcn-aiUng  all  bodies  as  well  as  space: 
in  the  view  now  set  forth,  it  is  the  forces  of  the  atomic  ccntrei 
which  pervade  (and  make)  all  bodies,  and  also  penetrate  all  space. 
As  regards  space,  the  difference  ia,  tliat  the  icthcr  presirnts  sue- 
ceKsive  parts  or  centres  of  uctioii,  and  the  present  auppositiou 
only  lines  of  action  ;  as  regards  matter,  the  difference  is,  that  the 
tctlicr  lies  between  the  particles  and  so  carries  on  tbo  vibrations, 
whLlit  oa  respects  the  supposition,  it  id  by  the  lines  of  force  be- 
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twLi:n  tbc  ceutres  of  tin:  particles  that  the  vibration  is  continued. 
A»  to  tlie  difforcnee  in  iiii«usitjr  of  action  within  matter  under 
the  two  views,  1  suppose  it  will  be  rerj  difGailt  to  draw  any  con* 
elusion,  for  wlicii  wc  t«kc  tlic  wmplcst  statu  of  coninmn  matter 
and  that  which  most  iitMirlir  mtuea  it  t<i  appmxiiuutc  to  tlit*  con- 
dition of  tUu  tttlicr,  nnmcly  tlic  state  of  rare  gas,  how  soon  do  wc 
find  ill  il«  claslicity  niid  the  miiluni  repulsion  of  its  partivics,  a 
departure  from  the  law,  that  the  aetion  is  invcrsoly  as  the  K(|uare 
of  the  (li»tanrc  I 

Ami  now,  nij  dear  Phillips,  1  must  conclude.  I  do  not  tliink 
I  should  have  allowed  these  notions  to  have  escaped  from  mc, 
lisd  I  not  bt^cn  led  iiimwnre»,  and  without  prcviouttouasidcration, 
hy  the  cireiimstnuees  of  the  evening  ou  nhich  I  had  to  appear 
suddenly  find  occupy  the  place  of  another.  Now  that  I  have 
put  them  on  paper,  I  feci  that  I  ought  to  have  kept  them  much 
lougcrfor  study,  coustdcratiou,  ond,  pcrhajts,  final  rcjcctiouj  and 
it  is  only  because  they  are  sure  to  go  abroad  in  one  way  or 
another,  in  eonsequence  of  their  utterance  on  that  evcniufj,  that 
I  give  Lhi-m  u  shape,  if  shape  it  nuiy  be  calletl,  in  this  reply  to 
your  inquiry.  One  thiikg  is  certain,  that  any  hypothetical  view 
of  radiation  which  is  likely  to  be  received  or  retained  lut  satis- 
fftctory,  must  not  ranch  longer  eorapi-chcnd  alone  certain  phte- 
Domcaa  of  light,  but  must  include  those  of  heat  and  of  actinic 
influence  nUo,  and  even  llic  conjoined  plifenomena  of  sensible 
Iieat  and  chemical  power  jinHliiced  by  them.  In  this  rcapcet,  a 
view,  which  is  in  some  dej^ree  luundcd  upon  the  ordinary  forces 
of  matter,  may  perlmps  Biul  a  little  considcrAtion  amongst  the 
other  views  that  will  probably  arise.  I  think  it  likely  that  1 
hare  made  many  mistakes  in  the  preceding  pages,  for  even  to 
myself,  my  ideas  on  this  point  appear  only  as  the  sliadow  of  a 
speculation,  or  as  one  of  those  imprcsBionB  on  the  mind  which 
are  allowable  for  a  time  as  Ruidci  to  thought  iind  research.  He 
who  labours  in  experimental  inquiries  knoHi?  how  numerous 
these  arc,  mid  how  often  their  apfiarent  Btnei^s  and  beauty 
vnni<il]  before  the  progress  and  derelopmcut  of  real  natural 
truth. 


Royat  laxlifiitiott, 
W//ri/15,  IBlfi. 


I  am,  tny  dear  Phillips^ 

Ever  tnily  yonm, 
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On  tfie  Maffoetic  AJfeclion  of  Light,  and  on  the  Diatindion 
betipeen  the  Ferromagnetic  and  Diamaynetic  Condiiiotu  qf 
Matter^. 

Vfmn  u  rn.y  of  polarized  Hglit  and  lines  ot  magnetic  force  pass 
Bimultoneouslj  and  parallel  to  each  otbor  through  a  transparent 
solid  or  liciuiii  tuedJum  uot  posscsBing  forces  of  double  refrat^tion, 
the  ray  ia  rotated  acoordiiig  to  a  simple  law  of  action,  which  I 
bare  expressed  in  the  last  part  of  the  Philosophical  Transactions, 
(2]00,  SIGI.).  AVIicn  such  a  ray  passes  tiii-ongli  certain  sijcci- 
mcu8  of  rock-crystal,  oil  of  tarpcutiuc,  JScc,  it  is  alio  rotaU;d  ac- 
cording to  a  natural  law  welUknovni,  without  any  reference  to 
magnetic  force.  A  verystrikiiij;  distinction  existihetweeii  these 
two  cascH  of  nitation,  though  they  at  first  appear  to  be  the  sjiiuc; 
for  the  former  rotation  in  depi-nduut  in  it»  direction  upon  the  lincB 
of  magnetic  force,  and  nut  upon  the  position  of  the  observer  or  the 
course  of  the  my  of  light,  whereas  the  latter  ia  depeiideut  upon 
the  ijosition  of  the  observer  or  the  eounc  of  the  ray. 

Upon  consideration  it  appeared  that  the  peculiar  character  of 
tbc  magnetic  rotation  might  be  made  available  in  exalting  the 
final  effect  of  the  inagtietic  force  upon  the  ray,  and  also  in 
demonatratiug  many  important  points  in  a  more  marked  man. 
ner  and  higher  degree  than  had  yet  bccu  pouible;  and  upon 
referring  the  idea  to  experiment,  il  was  found  to  be  true.  The 
following  pages  contain  some  of  the  results. 

A  parallclopiped  of  heavy  glass  07  of  an  inch  square  and 
2'3  inches  long,  had  the  two  cuds  polished  and  silvered.  The 
silvering  was  then  removed  from  a  t^pace  about  O'l  of  an  inch 
■wide  along  one  of  the  edges  of  one  end,  and  also  from  n  corre- 
sponding apace  on  the  other  end,  except  that  the  partu  dcarcd 
were  on  the  eoutrary  aide  of  the  pa-rallclopiped ;  so  that  each 
end  was  furuishcd  ^>ith  a  good  plane  reflector,  but  these  over> 
lapped  each  other  (tig.  i).  In  eouscqueucc  of  this  arrangement, 
a  ray  ot  liglil  could  he  transmitted  diagonally  across  the  length 
of  the  piece  of  glass ;  or  the  ray,  after  entering  at  one  end, 
could  he  reflected  two  or  more  timva  within  the  glass  and  then 
allowed  to  pass  out, 

»  Pliil.  Mug.  a-pt.  and  Oct.  \my 
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A  similar  piece  of  hcaTy  glass  was  eilvercd  nt  the  two  ends 
antl  ouc  side  of  the  prinoi ;  and  the  silvering  was  then  removed 
at  the  ends  for  tho  apace  of  0'  I  of  au  iiich  from  those  cdgcti 
which  were  the  furthest  from  the  silvered  side  (fig.  1).  A  ray 
of  light  passing  in  at  the  uusUvcred  part  of  one  end  with  a 
certain  dcgrre  of  ohliciuity,  could  be  reflected  at  the  other  end, 
then  at  the  side,  aiid  again  ai  the  firet 
end,  passing  thxis  three  times  along  the 
glass  nnd  fiimllr  out  at  the  second  end. 
At  otliPf  itn'Uuations  the  ray  would  pass 
five,  seven,  m«e,  ele?cn,  or  a  greater 
number  of  times  along  Ihc  glwta  before 

it  issued  fortli  on  its  course  through  the  air  to  the  eye  of  the 
observer, 

Either  of  these  pfccea  of  glnin  conid  produce  the  deaired 
result  of  repeated  reflexions  witliin,  but  the  first  form  was  found 
most  conrcnicnt  in  use.  When  a  strong  light  was  employed,  it 
was  not  difficult  to  follow  the  scries  of  images  produced  by 
successive  reflexion  up  to  the  ninth  or  tenth  image,  these  cor- 
responding of  course  to  a  transit  of  the  ray  seventeen  or  nineteen 
times  along  the  sulKtonee  of  the  glass.  A  little  change  of  posi- 
tion of  the  silvered  glass  betwccu  the  Nichnl's  prisms  used  as 
the  pubrieing  and  analyzmg  apparatus,  was  sufficient  to  bring 
Any  ouc  of  these  images  into  view,  the  glass  being  at  the  some 
time  under  the  full  influence  of  the  clcctro-mignet,  or  the  helix, 
employed  to  generate  lines  of  magnetic  force.  A  further  advan- 
tage is  gnined  if  the  endn  of  the  piece  of  glass  are  not  quite 
parallel  to  each  other,  the  sides  proceeding  from  the  edges  where 
the  rmy  enters  and  issues  forth  being  in  a  very  slight  degree 
different  in  length.  This  arrangement  causes  the  aeries  of  re- 
flected images  to  open  out  if  neeii  at  one  end  and  to  close  up  if 
seen  at  the  other,  and  thus  the  ohscrrationof  a  particular  image 
or  the  aimultaneoua  comparison  of  two   or  more   images,  ia 

fitTOUICd. 

On  considering  the  effect  of  this  ar- 
rangement, it  ia  evident  that  if  A  BCD 
represent  a  trough  of  solution  of 
sugar,  or  any  other  body  having  the 
ordinary  rotating  influence  over  n  po- 
larized ray,  then  a  ray  sent  in  at  D 
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uiid  passing  out  at  A  wonid  be  rotated  to  a  certaiu  amonnt. 
But  if,  instead  of  proccciling  onwards  at  A,  it  were  reflected  by 
the  atufacc  AF  to  E,  and  vrcrc  there  observed,  it  would  be 
found  to  have  received  no  rotation,  for  the  effect  produced  in 
going  from  D  toA  xvould  be  exactly  compensated  by  its  rcturu 
from  A  to  K.  Or  if  the  reflexions  were  made  more  numerous 
and  recurred  at  E  F  and  C,  so  tbat  the  ray  should  traverse  the 
body  lire  timea,  still  tlic  amount  of  rotation  equal  only  to  that 
whieh  iti  pnnttHge  once  along  the  substance  could  effect  would 
be  finally  [irmluncd. 

Such  would  not  be  the  case  if  A  B  C  I)  were  a  diamagnetic, 
rotating  the  ruy  by  means  of  magnetic  force  :  for  then,  which* 
ever  way  the  ray  was  passiug,  it  would  atill  be  rotated  in  the 
tami  direction  in  relation  to  the  hues  of  force.  So  if  observed 
issuing  forth  at  A,  it  woul<i  have  an  amount  of  rotation  (which 
we  may  call  right  baudcd)  cijiiid  to  what  one  trainiit  across  tbo 
diamaguctic  could  produce  ;  if  observed  at  1^,  it  would  liavc  an 
umount  of  left-handed  rotation  double  the  amount  of  the  first 
or  nnit  quantity;  if  olwervcd  at  F,  it  wotdd  have  three  times 
the  first  amount  of  right-handed  rotation  ;  if  obscr^'cd  at  C,  four 
times  the  amount  of  left-handed  rotation ;  and  at  B  would 
poasess  flvc  times  the  original  amount  of  rigtit-hnndcd  rotation. 

This  was  confirmed  by  the  result  of  an  experiment.  The  great 
magnet  dcserilird  in  the  Philufiophical  Tronsactions'  (32-17.)  was 
employed,  and  the  parallclopipcd  of  glass  (fig.  2)  submitted  to 
its  powera^  the  direct  ray,  or  that  producing  the  fir?t  image  of 
the  lumiiiouK  object,  acquired  a.  right-handed  rotation  equal  to 
I'Z'^.  Moving  the  glass  a  little  the  second  image  wua  brought 
into  view,  or  that  produced  by  the  ray  wliich  had  traversed  Lhc 
glass  three  times,  and  ita  rotation  wa»  '6<f.  The  third  image 
was  then  observed,  and  the  rotation  of  the  ray  producing  it  was 
no",  as  nearly  as  my  rough  apparatus  could  measure  angtdar 
quantities.  The  same  general  results  were  obtained  with  the 
second  piece  of  glass  d(-»crihed. 

ThR  experiment  proves  in  a  very  striking  manner,  that  which- 
ever way  the  ray  of  light  is  passing  through  the  intoi-poscd  body, 
the  direction  of  itM  rotation  depends  e&aeutially  and  alone  upon 
the  direction  of  the  lines  of  magnetic  force. 

It  also  proves  and  makes  manifest  in  a  manner  not  to  be  mis* 
■  1S19,  p.  32.    PbiL  Mag.  rg].  ixruL  p. 
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taltcn,  the  difference  in  this  respect  between  the  magnetic  rotatioa 
of  the  ray,  and  that  produced  by  quartz,  sugarj  oil  of  turjieutincj 
and  such  bodies. 

liiithcr  by  independent  or  by  conjoint  observations  of  tbo 
different  image*,  it  proves  tUst  the  effect  is  proportionate  to  the 
length  of  ray  submitted  to  thi*  inBgnctin  force  (2163.) ;  for  tbe 
unit  length  and  multiples  uf  the  unit  leu«rth  muy  beobecrrcil  at 
once,  the  intensity  of  the  magnetic  force  and  other  circumstances 
rcmnining  nnchangc«). 

It  permits  ilic  attaiiiincut  of  a  far  greater  dc^ce  of  accuracy 
in  tbe  mcasureoicut  of  the  amount  of  rotation  of  agiren  ray,  or 
in  the  estimation  of  the  comparatiTC  degrees  of  rotation  of  the 
dillcrcnt  coloured  ray». 

The  form  of  the  arrangement  makes  a  short  piece  of  any 
given  diiimngnetie,  a*  a  crystal,  &c.,  sufficient  for  an  exiieri- 
meut,  which  woullcl  not  suffice  if  the  ray  were  passed  hut  once 
through  it. 

It  bIIuws  of  the  concentration  of  the  magnetic  force  by  an 
Qppruvimation  of  tbe  poles,  whoa  a  magnet  is  used,  so  as  to 
exalt  the  effect ;  or  to  render  a  weak  magnet  ei|uivalent  to  a 
Btronger  one,  so  tliat  even  good  ordinary  magnets  may  now  be 
made  available.  Or  if  a  helix  be  used,  a  much  shorter  and 
weaker  one  than  that  which  before  waa  necessary^  may  now  be 
employed. 

Having  ascertained  the  gre-at  advantage  which  this  form  of 
npparaliu  poKsessed  for  the  examination  of  many  substances 
which  would  givt;  no  sensible  results  by  the  process  1  forincrly 
described,  I  piocecdcd  to  apply  it  to  the  casca  of  air  and  some 
doubly  refracting  bodies  (Ha37.).  For  this  pur[)Osc  I  mnde  (he 
faces  of  the  raagueiic  jwlcs  refleetors,  by  applying  to  each  « 
]>olishc()  plate  of  steel ;  and  as  the  pole*  were  moveable,  tlicir 
reflecting  Burfaccs  cnuld  be  placed  at  any  distance  and  in  any 
position  rcqitixcd,  the  substance  csperimcntcd  on  being  between 
them. 

Air. — I  could  obtain  no  signs  of  action  upon  the  ray  when 
air  W.T8  between  the  magnetic  poles,  even  with  the  fourth,  fifth, 
nnd  sixth  images. 

Rock-crystal — The  cubea  of  this  substance  formerly  (Icscrlbed 
(2178.)  were  Hubmittctl  to  examination;  but  I  could  delect  no 
trace  of  action  on  the  ray  o(  light  when  passing  through  tbcm. 
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alttiougli  tbey  were  0*75  of  an  inch  in  tlio  side,  and  the  ray  was 
obacn-cd  after  passing  seven,  and  even  nine  times  across  them. 
The  eubfis  were  oxaniiued  in  all  {lirections. 

Iceland  Spar. — A  cube  of  this  substance  (2179.)  was  exnmiucd 
in  the  «ame  mRnricr,  but  I  obtained  no  effect. 

Ifeaitj  ffltus  presented  the  txpccted  phajnoincun  easily  and 
wcU. 

Failing  to  procure  any  positive  result  hi  these  triaLi,  cither 
with  air  or  with  doubly  refnurtiiiji  erj-stals^  I  silvered  tlie  latter 
in  the  manner  that  had  been  cmpltiyed  for  the  hcsTv  glass,  that 
the  magnetic  |)olcs  might  be  brought  as  close  as  poesible ;  still 
no  evidence  of  any  magnetic  action  ou  the  rj>y  could  be  observed. 

A  natural  six-sided  prism  of  rock-crystal,  2'3  inchc*  in  length, 
was  [)oliBhcd  anil  silvci'cd  at  the  ends  :  no  magnetic  efTcct  upon 
the  light  coultl  be  obser\'ed  with  this  crystal  with  either  the 
first,  second,  or  third  image. 

M.  K.  Dccqucrcl  tUiuks  that  he  has  obrtcrvcd  an  effect 
produced  in  doubly  refraoliug  cryfitallinc  bodies ;  and  it  ia 
prohiible  that  his  apparatus  Is  far  more  delicate  for  the  ob- 
Bcrvaucc  of  optical  changes  than  mine.  In  that  case,  if  com* 
bincd  with  ihc  method  foutidcd  on  repeated  transits  ot  the  ray, ' 
it  pcrliapH  would  produce  very  distinct  results;  but  the  latter 
process  alone  has  not  as  yet  given  any  cridcncc  of  the  action 
sought  after. 

Certain  indicatioiu  led  mc  to  look  with  ijitercst  for  any 
possible  effect  wbicii  the  cmasiiig  of  the  rcflcct*!d  niys  might 
produce  iu  the  arratigcmcut  of  reflectors  and  gla-ss  rcprescutcd 
in  flg.  1  ;  but  I  could  find  uo  difference  of  action  hetwecn  it 
and  the  other  arraiigcmuut,  fig.  2,  in  which  no  sueb  erossiug 
occurred. 


Near  the  close  of  last  year  I  sent  to  the  Royal  Society  two 
papers  On  the  Magnetic  Condition  of  all  matter'  (2343.  2313.), 
iu  which  I  believe  that  T  proved  the  existence  of  a  magnetic  ac- 
tion new  to  our  knowledge ;  antithetical  in  its  nature  to  the 
magnetism  manifested  by  iron  in  any  of  it^  forma  or  couditiuna, 
strong  or  weak,  or  to  that  maguetism  wLieh  iron  could,  in  any 
quantity,  or  under  any  circumstances  produce.    Further^  that 

■  PMloHpticuL  TnuuactiDiw,  IMQ,  p;  31,  or  I'Lil.  Ha^-  vol.  xsviii.  iej& 
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all  bodiesi  not  magnetic  a«  irou,  were  magnetic  according  to  tbw 
new  mode  of  action;  aiid  ibat  a»  aitraction  by  the  magnet  marked 
the  magnetic  condition  of  iron,  Iiowercr  smalt  its  quantity,  or 
whotever  its  state  might  lie,  so  repuMon  vrm  the  distinctive 
charautcristic  of  all  thoec  bodies  wliich  were  naturally  fitted  to 
acquire  the  new  state,  and  dcvclope  this  new  form  of  power. 

M.  Booqucpel  lias  sent  a  note  to  the  Academy  of  Sciences', 
in  wUicli  he  states  certain  results  of  his  own  much  nntcrior  to 
mine,  due  to  ordinary  magnetic  action,  and  in  which  the  po- 
sition of  the  flubatances  was  across  the  magnetic  axis,  I  need 
not  quote  the  whole,  but  will  select  the  following  words  at  tlia 
end : — *'  From  these  facts  it  results  that  the  magnetic  cffeota 
produced  in  steel  or  in  soft  iron  by  the  influence  of  a  magnet, 
differ  from  those  which  occur  in  all  bodies,  in  this  ;  tliat  ui  the 
first  the  distribution  of  magnetism  is  always  in  the  direction  of 
the  length,  whilst  in  tritoxidc  of  iron,  wood,  gumlac,  kc..  It 
occuTs  gcncmlly  in  a  transverse  direction,  especially  when  they 
are  formed  into  needles.  This  dlffcrcnee  of  effect  is  due  to  the 
circumfitance,  that  themagnetisni  belngrery  wcali  in  these  bodies, 
wo  may  neglect  ihc  reaction  of  the  pnrtielcs  of  the  bwlics  on 
themselves."  These  wonls,  and  the  time  of  their  publication 
(January  (IR-U)}  sufficiently  show  that  M.  Hecqucrel  docs  not 
admit  the  new  form  or  condition  of  magnetic  action,  which  I 
BuppoRcd  I  had  previously  demonstrated. 

M.  K.  Bceqnerel,  in  a  communicatioa  to  the  Academy  oF  the 
date  of  June  184C',  after  confirming  the  action  on  light  which 
I  hod  announced,  touches  the  question  of  magnetic  action  on 
all  bodies ;  and  at  this  late  period  is  still  of  the  same  opimon 
as  his  father.  I  need  quote  only  a.  few  brief  line*  here  and  tber 
to  show  this  state  of  his  raind.  After  s|Msiking  of  Coulomb'* 
results,  and  of  his  father's  in  1827,  he  aays,  "These  experi* 
mcnts  have  been  made  nearly  twenty  years,  and  ncvcrthcde 
M.  Faraday  haa  announced  anew  the  phtcuomcnon  of  trana-^ 
verse  direction,  has  made  of  the  bodies  which  place  them- 
selves thus  a  new  class  of  substances,  and  has  named    thct 

diamagnctic   substances. I    ask   myself  huw,   nnd< 

these  circumstancoa,  one  can  push  the  spirit  of  claiuirication 
tbU9  far,  when  one  may  give  to  the  same  euhstauce  all  the  va- 
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rioos  pofiitious  of  lougitudinal,  traiiBvt>rso,  or  oblique.  In  fact, 
|)Iacc  tlio  twu  extremitieii  of  Ino  strong  magnets  opposite  each 
other,  at  0-08  or  0*12  of  an  iucb  apart,  aiid  at  about  004  from 
tlicir  surface,  suspend  by  means  of  coccoou  Hilk,  a  BiuaU  needle 
of  wood  or  of  copper,  about  O'Ul  in  diameter  and  1*9  or  2'3 
iocfaos  long,  it  will  place  itself  tratmrcritely.  If  the  needle  be 
cut  in  two  aucl  again  divided,  &c.,  vc  sliall  end  bj  having  & 
fragmeutj  which  will  place  itselt'  iu  the  line  of  the  poles.  It 
is  simply  a  phaenomeuon  of  the  resultaut  forces ;  for  we  may 
give  to  one  and  the  sjiine  substance  these  different  positiona, 
according  to  its  form,  by  modifying  the  distance  of  the  polea/' 
Then,  speaking  of  the  small  quantity  of  iron  which  ho  found 
iu  certain  specimens,  and  of  his  former  statement,  that  these 
Bubstauces  behaved  as  a  mixture  of  inert  matter  and  magnetic 
particles,  or  as  ferruginous  mixtures,  he  says,  "all  these  cou- 
clusious  still  subsist  at  this  day  in  all  their  generality." 

These  conclusions  from  two  profound  philosophers,  so  well 
able  in  every  respect  to  judge  any  question  arising  on  such  a 
subject  as  maguctisju,  made  mc  anxioiu  on  two  accounts;  for 
firstj  I  thought  it  possible  I  might  really  be  iu  error  respect- 
ing the  broad  and  general  principle  of  magnetic  action,  wbicli, 
I  sujiposed  I  had  discovered ;  and  next,  that  if  right  on  that 
point,  I  must  bare  been  sadly  deficient  in  describiog  my  re- 
sults not  to  hare  conveyed  a  bettor  imprcasiou  to  tlic  minds  of 
those  BO  competent  to  receive  and  understand.  1  therefore, 
fur  my  .own  sake,  entered  into  an  examination  of  this  point ; 
for  though  i  am  nearly  indifferent  to  the  fate  of  any  specula*. 
tivc  or  hypothetical  view  I  may  venture  to  send  forth,  I  ain 
iar  from  being  so  as  regards  the  correctness  of  any  announce- 
ment I  may  make  uf  a  law  of  a<Hion  or  a  new  fact ;  and  having 
carefully  cx|icrinitJited  un  ouc  or  two  of  the  cases  of  transverse 
position  assumed  by  certain  bodies  magnetic,  as  iron,  I  now 
give  the  general  result. 

Some  good  uniform  peroxide  of  iron  (being  one  of  the  sub* 
Btancea  which  M,  Becquerel  experimented  with)  was  prepared 
and  introduced  regularly  into  a  thin  glass  tube,  O-Ub  of  an  inch 
in  diameter  and  1  -4  inch  long ;  it  was  then  suspended  by  a  long 
filament  of  cocoon  silk,  and  could  he  brought  into  any  position 
relative  to  one  of  the  poles  of  a  Mrong  ctcclro-mognet,  which 
could  be  made  to  assume  vaiious  forma  by  the  nae  of  terminal 
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pieces  of  iron.  Ax  peroxide  of  iron  can  occasioaalt^  receive  and 
retain  a  feeble  n)agiicti<;  &tatc,  it  is  Dccessary  llic  rxpertmeutcr 
should  be  Awarc  of  the  possibility,  and  ^uord  against  its  effect 
in  producing  irregular  results. 

The  {)olc  of  the  uingnct  was  in  the  first  place  a  cone,  of 
which  the  linse  was  1*5  inch  in  dismetci',  its  axU  being  in  a 
horizontal  line.  The  cylinder  of  peroxide  of  Iron  was  advanced 
townrda  the  oonc  with  its  ceokre  of  suspension  in  a  line  with 
the  BLua.  WLcii  n-itliin  the  influence  of  the  magnet,  atid  trans- 
verse to  the  axial  line,  it  retained  that  position;  but  this  was  a 
position  of  anetable  eqailibrium;  for  if  the  cylinder  became 
oblique  to  llie  axial  line  on  ritlier  side,  llien  the  end  nearest 
to  the  cone  approached  towanla  it,  being  attracted,  and  at  last 
Treat  up  to  and  remained  against  it.  But  vhcthcr  directly 
acrosa  the  axial  line,  and  so  in  the  position  of  unstable  equi- 
librium, or  ill  any  other  position,  the  ccnti'c  of  gniTity  of  llic 
whole  was  always  attracted;  an  effect  easily  appreciatetl  with 
an  electro-magnet  by  intemipting  and  renewing  tlic  exciting 
current. 

As  a  contrast  with  diamagnctic  bodies,  I  will  state,  tliat  if 
a  fiimiliir  cylinder  oi  phosphorus,  bismuth,  or  hcai'y  glass  be 
placed  in  precisely  the  same  circ-um stances,  then  the  trnnsTcrsc 
position  is  a  position  of  stable  equilibrium  ;  if  the  cylinder  be 
mm-ed  frum  it,  it  returns  by  vibrations  into  it ;  and  during  the 
whole  time  the  centre  of  grarity  of  the  ma»9  is  repelled. 

A  square  cud  was  now  given  to  the  pole  of  the  magnet,  the 
face  opposed  to  the  cylinder  of  peroxide  being  1*75  inch  wide 
audofanoqaal  height,  The  axial  line  is  that  which  passc<l 
horizontally  from  the  middle  of  this  face,  and  took,  its  course 
through  the  centre  of  gravity  of  the  cylinder,  which  was  also  it* 
centre  of  rotation.  When  the  cj'Iiiulcr  was  at  any  distance 
leas  than  0'3  of  an  iuch  &om  the  face  of  the  pole,  it  stood  parallel 
to  the  face,  and  therefore  transverse  to  the  axial  line :  being 
moved  out  of  this  petition,  it  resumed  it,  so  that  the  position 
was  one  of  stable  equilibrium.  At  distances  a  little  greater  thti 
became  ■  position  of  unstable  equilibrium,  und  two  positions  of 
stable  equilibrtuui  were  found  cquallyiocliiuxlon  the  op|>ositc  side 
of  the  transverse  position,  becoming  more  and  more  oblique  to 
it  Rs  the  distance  was  increased.  Uoth  the  transverse  |iositions 
and  the  oblique  {xisitious  were  easily  referable  to  iheeuuccutra- 
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tion  of  tlic  lines  of  mngnctic  Force  at  tlic  edges  of  the  square 
end  of  the  mngtict.    Uflccts  due  to  the  same  cause  Iiayc  already- 1 
been  pointed  out  (2^98.  3299.  2384.)'. 

In  every  position  of  tlte  cylinder  of  peroxide  Wforc  this  mag- 
uetie  polCj  the  peroxide,  as  a  mass,  was  ailracteiL 

Oy  using  another  termination  of  iron,  the  end  of  the  pole 
opposite  the  peroxide  wua  cnlitrgcd  in  its  horizontal  dimension*, 
to  2'^  inches.     All  the  former  iiliECUomcuti  recurred;  but  the' 
Instance  between  the  face  of  the  polo  and  tlie  tube  of  peroxide 
coutd  be  increiused  to  one  inch  or  more^  before  the  tube  began 
to  asMime  the  oblique  positions. 

A  third  termination  presentcil  n  face  having  3'5  inches  of 
horizontal  c.\tcusii>u :  the  pliKUOmeuu  were  here  precisely  the 
Mime,  but  the  distance  coujd  be  increased  to  l'"5  inch  before  the 
cylinder  eeused  to  be  parallel  to  the  face,  and  began  to  acquire 
an  ublif]ue  position. 

Por  the  complete  comprehcuEtiou  of  this  and  other  ciTecbi  due 
to  the  form  of  the  face  of  the  pole,  and  the  eoncaitration  of  the 
linca  of  magnetic  force  passing  through  the  air 
near  the  edges,  I  will  indicate  the  positions  '^S-  3> 

asauraed  by  the  cylinder  of  peroxide,  when  its 
centre  of  suopcnsion  was  preserved  at  a  eon- 
staut  distance  from  the  face  of  the  ]>ule,  but 
was  carried  into  different  positions  on  one  side 
or  the  other  of  the  axial  line.     These  are  re- 
presented in  the  figure;   by  which  it  will  be 
seen,  that  as  tlie  peroxide  was  curried  to  one    \  I 
gidc  or  the  other  of  the  axial  line  it  became  iu-      \ 
clined  to  that  liiie,  in  a  manner  and  to  a  degree     '"v 
easily  comprehensible  by  those  who  consider 
the  concL'utnition  of  mopiclic  force  at  the  edges  v* 

of  the  face.    The  same  was  the  case  with  the    X 
former  face  of  2'3  inches.     Kither  end  of  tlie 
cylinder  of  peroxide  miglit  be  the  i-ud  uesipcst  to  the  face  of  the 
p:)le ;  hut  the  ccutrc  of  gravity  of  the  cylinder  was  in  every  ease 
attracted  by  the  magnet. 

Other  cylinders  of  peroxide  of  inm  of  different  diameters  and 
lengths  were  employed  ;  and  wlieu  they  were  smaller  iu  length 
■  Pbili^aphical  Transftcliii-a,  1846,  pp.  39,48. 
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tliun  iho  opposed  faces  of  the  magnetic  pole*,  the  rcsnits  were 
preciKly  tbe  snme. 

A  cylinder  of  pa[)er,  magnetic  throngh  tbc  presence  of  iron^ 
was  xisetl  and  produced  tlic  uimc  rcsiiltn. 

Having  bccu  led  to  think  thnt  the  disintegration  of  the  per- 
oxide of  iron  had  considernble  intliicncc  over  the^c  phienomenn, 
by  obstructing  and  prerenting  the  communication  of  mngneiic 
induction  firom  particle  to  particle,  nnd  was  far  more  influential 
than  the  mere  wcnkmss  of  magnetic  force,  I  took  some  sdIk 
ataneca,  even  more  ircak  in  magnetic  power  thiui  tbc  peroxide, 
and  formed  them  into  cylinders.  The  substpuccs  were  BoUuion 
of  proto>sid  phzite  of  iron,  muriate  nf  cnhult  and  muriate  of  nickel, 
wliicb  were  introduced  into  tlun  glass  tubes  0'25  of  an  inch  in 
diameter  and  1  --l  iucli  long.  These,  when  auapcnded  before  the 
poles  with  their  centres  of  susj)en»iou  in  the  axial  Hue,  did  uol 
act  as  the  peroxide  of  iron  or  the  paper.  ThcjoouJd  indeed  be 
kept  in  a  potiitiun  parallel  to  the  fac«  of  the  {h>1o,  but  this  was 
ft  position  of  unstable  e<iuilibriani ;  and  wheu  the  least  reaioi 
out  of  that  position,  the  cud  nearest  the  ma^et  continued 
approach  until  it  came  in  contact,  and  then  tbe  vbolo  remained 
unchanged.  Iho  action  was  prcci£cl,v  like  that  of  a  {ucce  of  iron, 
but  vcrj'  inferior  in  energy. 

A  saturated  solution  of  proto-nilphate  of  iron  was  diluted 
ivitb  five  times  its  volume  of  water,  and  still  tlioved  preciBel] 
tbc  same  phicnomcna  aa  the  stronger  solution :  yet  ita  magnctitti 
power  was  very  far  inferior  to  tbe  magnetic  force  of  the  peroxide 
of  iron,  as  was  fully  manifested  by  the  degree  of  the  attractioa 
of  the  centre  of  gravity  of  the  two  portions  of  the  substauoca.' 
When  the  peroxide  was  under  experiment,  the  Ruspension-thread 
was  drawn  twice  or  even  three  times  further  from  tbe  perpen- 
dicular than  when  the  solution  was  used. 

If  0.  piece  of  iron  wire  be  substituted  fur  the  cyltndej  of  per- 
oxide or  the  magnetic  Bolntious,  it  will  not  remain  parnllcl  to 
tbe  face  of  tbe  pole, or  oblique  aud  not  touching  it;  for  one  end 
will  always  go  up  to  tbc  face  of  tbc  pole ;  or  if  it  be  very  short, 
and  then  by  loading,  or  otherwise  be  prevented  from  coming  in 
contact  with  the  pole,  one  end  will  i*omi  towards  tbc  part  of 
the  polo  face  nearest  to  it.  In  this  respect  it  is  as  the  magnetic 
solution,  and  not  as  the  peroxide  :  however  weak  the  magnetic 
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pole  may  'be,  if  it  have  power  to  affect  the  iron  wire  at  all,  it  will 
produce  tlie  same  effect.  Further,  if  the  iron  wire  be  rendered 
perfectly  ftx;e  from  inagucliifnij  hy  making'  it  red  tot,  cither  end 
may  be  made  that  which  is  nranait  to  the  face  of  the  pole. 

K  piece  of  hxinntitc,  separatf-d.iwt  by  an  iron  tool  but  by  an 
agntc,  or  otherwise  in  a  careful  mnnucr,  pointed  iu  the  mauncr 
of  iron,  though  of  course  not  villi  the  same  power,  i.  e.  it  did 
not  take  up  a  stable  position  either  pni-allel  to  the  face  of  the 
magnet  or  incliiicd,  bnt  not  toiicbiiip  it ;  for  cue  end  or  the  other 
always  went  np  to  and  remained  in  contact  with  the  metal  of  the 
polo.  Tlic  bicmatite,  being  powdered  and  put  into  a  smuU  tube, 
acted  in  the  same  way  t\a  whcti  whole. 

A  piece  of  bottle-glass  tube,  which  was  magnetic  ftom  the 
iron  it  ooiitnined,  acted  as  the  liicmalite,  either  when  whole  or 
powdered  up  and  put  into  a  fliut-glaaa  tube:  it  therefore  was 
unlike  the  peroxide  of  iron. 

Wvtc  peroxide  of  mnngaticsc  appeared  to  take  a  place  between 
thcec  bodies  and  the  peroxide  of  iron.  Generally  epcakiug,  the 
end  nearest  to  the  flat  fa«e  of  the  pole  went  up  to  it  and  remained 
there ;  but  when  one  cud  wao  oppojitc  the  edge  of  the  face  and 
the  other  end  nearly  opposite  the  middle,  at  the  time  the  magnet 
was  made  active,  the  latter  end,  though  nearer  than  the  former, 
would  recede,  and  the  former  end  come  up  and  remain  id  contact. 
If  the  latter  cud  was  still  nearer,  it  would  ajiproach  from  the 
first;  and,  there  wa»  no  place  of  stable  equilibrium  for  the  tube 
in  which  it  remained  parallel  to  the  face,  or  nearly  so,  with  neither 
cud  touching  it. 

A  piece  of  thick  platinum  wirG  acted  as  the  hsematite  or  green 
glass,  and  not  aa  the  peroxide  in  Beequcrel'sexperiment.  Spongy 
platina  presnrd  into  a  tube  acted  an  the  peroxide  of  manganese, 
giving  like  it  in  certain  situations,  the  beginnings  of  an  action 
like  that  of  the  peroxide  of  iron. 

The  centre  of  gravity  of  all  these  bodies  waa  attracted  by  the 
magnet,  whatever  part  of  the  face  they  were  placed  in  juxtapo- 
sition with.     In  uo  otuc  was  anything  like  a  repulsion  shown. 

Now  I  do  not  see  how  any  difficulty  can  arise  iu  referring  all 
these  rcsultii  of  [loaition  to  the  ordinary  action  of  magnets  upon 
matter  ordinarily  magnetic,  aa  iron  is.  All  depends  upon  the 
shape  and  eize  of  the  poles,  and  upon  the  state  of  unity  or  dis- 
integration, more  or  less  complete,  of  tlie  magnetic  matter;  for 
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mutter  n-liich  is  much  weaker  in  magnetic  power  than  pcroxido 
of  iron,  as  the  solution  of  niclLel,  or  dilate  solution  of  iroa,  or 
the  metal  plntiiia,  ilon  not  a<>t  ah  the  [leroxide,  but  as  metallic 
iron.     Still,  in  cvcnr  case,  tlic  pliicnomciin  arc  idneuomena  of 
aUraction  ;  for  not  only  is  the  centre  of  gravity  of  tlic  vliole 
man  attracted,  but  the  pitrts  of  the  ovliudcr  of  [(cro\idc  uf  iron, 
sa  well  as  of  tW  other  niaguetic  substauce*,  am  iit  ttioKc  poaitions 
vbieh  t)ie  resultants  of  attractive  force  would  nece«Mrilj  give 
them.     This  h  jireciseh-  the  reverse  of  what  takes  place  with 
diama^etic  bodies,  for  there  the  ccutre  of  gravity  of  the  whole 
niaaa  is  repelied ;  aud  vrhatever  form  the  mass  may  liavc,  its  parts 
take  tliosu  iiuaitiuns  wliicti  arc  most  cunsixtcut  with  the  direction 
and  degree  of  the  tcfjuUive  force. 

All  ambiguity  and  doubt  may  be  removed  in  sach  cases  aa  the 
above  by  the  use  of  a  single  pole^  cither  conical,  wedge-shaped 
or  niuud.     It  is  true,  that  if  a  wire  of  iron,  two  or  tlircc  iuehes 
long,  be  placed  with  its  middle  part  ncnr  the  apci  of  a  conical  or 
vcdge-sbapud  [idIc,  it  will  staiul  at  riglit  anglc»  aeivss  the  axis  of 
the  cone  or  wedge,  vibvating  like  a  baJaucc-bcam ;  and  alao  that 
if  n  cylinder  of  bismuth,  phosphorus  or  heavy  glass  be  placed  in 
the  game  position,  it  will  lake  u  similar  position.     But  no  mag- 
nctieiau  who  luuks  at  tlic  cflect  can  for  a  niomeut  coiiiuund  the 
phamomeiiaj  for  he  will  sec  at  once  that  the  iron  as  a  masa  is 
attracted,  aud  the  diaimignctic  is,  ns  a  mass,  rcpc-llnt :  and  tlicn, 
if  for  this  observation  of  the  latter  phscuomeua  he  will  take  small 
aplictvs  of  iron,  peroxide  of  iron,  or  solution  of  muriate  of  iron 
on  the  one  hand,  and  of  bismuth  or  phosphorus,  cop|>rr  or  voo<) 
on  the  other,  lie  will  have  the  pbienomcna  in  the  simplest  state, 
and  the  fiindamcutal  fact  iiill  be  before  him  ;  for  the  magncticii 
will  be  attractnl,  the  diumagnctica  will  be  rrpdied. 

I  cannot  find  any  case  of  transverse  position  iihich  docs  not 
cnt^T  into  one  or  other  uf  the  two  kinds  referred  to  above;  tliat 
ia  to  say,  vbicli  is  not  (•ithcr  a  magnetic  or  a  diamsgnetie  result. 
Even  aa  rrganla  the  eflect  of  ordiuary  maguctism  m  peroxide  of 
iron  and  nuch  like  bodice,  I  sec  no  reason  to  accept  the  statement 
of  M.  Bcctiucrel,  that  the  distribution  of  magnetism  tends  to  take 
place  cspcciaUy  in  a  traiisvemc  direction.  It  appears  to  mo  that 
the  destractioii  of  the  coiitirniity  of  the  mas&in  these  caaea, com- 
bined with  the  degac  of  magnetic  force  in  the  sub«tnnoc,preTcn1s 
the  transmission  of  the  force  by  induction  or  conduction  from 
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pfirticic  to  pnrticlr,  to  the  same  extent  na  when  the  continnity 
f  exists,  Jind  so  consecutive  ptilcs  at  short  distances  and  in  different 
direction*  are  produced;  nnd  bcncc  tlic  reason  why  the  solution 
O'f  iron  or  niclEcl^  or  the  mctnl  platina,  docit  not  Iwhavc  aa  the 
peroxide  of  iron,  though  weaker  in  magnetic  force,  hut  acts  as 
mctttllic  iron. 

If  it  hud  not  "been  for  the  remarkable  relation  of  a  vacuum, 
aud  with  it  of  those  attenuated  forms  of  matter,  air,  ^uscs  and 
vapours,  whicli  I  Imve  for  lliis  vcrj-  reason  amongst  others  in- 
sisted on  in  tlie  Uxperi mental  Researches  (2  W2.  &e.),  it  mijtht 
have  become  questionable  whether  those  bodies  wbich  I  have 
called  dianiogiietice,  were  not  acted  upon  strictly  in  the  game 
manner  as  maguolie  bodii^j ;  and  the  result,  whether  of  attraction 
or  repulsion,  a  consequence  of  a  difference  of  degree  only  between 
the  body  oltserved  and  the  medium  surrounding  it  (2438.  &c.). 
Hut  I  cannot  help  luokini;  upon  a  vacuum  as  presenting  a  zero 
(loint  in  the  phacnomeua  of  attraction  ai]d  repulsion;  and  os 
mugnctic  bodies  are  attractetl,  and  diumognclic  bodies  repelled 
(2l!06.  2^i^30.]  by  a  ma;;notiwhea  surrouuded  by  and  in  relation 
to  it,  so  I  believe  that  these  two  condilious  represent  two  aiiti- 
thetieal  forms  of  magnetic  foix'e.     This  is  the  eouc-luHiou  I  have 
set  forth  in  my  original  papcnt,  nnd  notuithstnndiiig  my  very 
great  respect  for  the  judgment  of  MM.  Bccqucrol,  it  is  that 
which  by  the  facts  I  am  encouraged  fitill  to  maintain  *. 

'  I  iaki;  tli>-  Ubertj'  in  llii^  a-An  to  rcf«  t«  m  simlla,i  point  in  the  pliiloftcphy 
of  static  I'lBClridty.  I  have  often  bocn  sakocl  for  tho  proof  of  rni  sitnolute 
luitural  UTO  bolwewi  podtlrti  luul  iiogativ«  vieotricity:  and  iu  Kference  to 
M.l'dtiei'a  views,  that  the  fttrtbia  u«gatir6  to  th«  »paeo  a^^und  it,  which  in 
its  turn  ia  pcaitivo,  have  been  told  thul  if  all  parts  o!  a  portion  of  Its  plsae 
auHSMe  wer«  ^qiully  n»g«tU-D,  wo  on  tlmt  Hurfuce  eaultl  not  tell  tliat  it  wia 
not  to  ■  lem  tUA^.  But  eucb  is  not  the  c«)^^  A  eitf  ffton  wliicli  \i  truly  nogativfl 
mxj  appear,  in  cciiii[Hiri*iiD,  to  Iw  puulive  to  one  still  m<in>  highly  iK^BtiTO  ; 
or  a  Rogative  kurfare  niny  mviq  to  bo  in  a  tora  RLat«  ia  rdatlon  to  two  othsr 
•urfacos,  oao  of  wliict  i»  moit  aegati^i*  and  ti?  other  lees  «t,  or  eroa  pod- 
tiva;  bill  if  rtrfvrred  to  a  true  stiiniliin]  itti  real  stAte  is  shonu  at  once,  luul  this 
standard  is  givft)  by  tho  iDud«  uf  nny  motsllic  tumqI,  fram.  n  hich,  by  its  aliapt 
or  di^-ptli,  eottamal  influonco  is  cxcludod.  Such  a  vcsici  always  preaeiils  the 
aftme  noiroal  coi;dilion  within,  whntcvir  t\\ttr$ii  its  estcTTliil  eurbco maj  have ; 
and  bv  contpaiinv  tli»  >tirfAi^i>  of  iho  i>aitli  with  th*  luclitu  uf  soch  a  vcand, 
which  ie  canily  ilono  by  the  mix  of  «tnH-r»,  ouch  a*  Oauloinb  ecnplojred,  any 
one  may  tell  for  luintuU  whether  that  surfuce  is  iu  n  ni  Kalive  or  n  Mio  atate. 
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When  heavy  glaso  is  eubmittod  to  tbc  action  of  a  powerful 
cJoctro-ma^ft,  the  moximuDi  degree  of  rotation  of  the  ray  is 
not  obtained  at  once,  hut  requires  a  scasiblc  interval  of  time 
(Experimental  Rcscsrcbus,  2170.) ;  ibis  1  have  attributed  to  tlic 
gradual  rising  in  iiiti;]uity  of  tlie  force  of  the  inagoct,  aud  the 
comflpondiog  rising  of  the  effect  of  that  force  in  tlie  glut.  M. 
K.  Bec(|ucrel  does  not  agree  with  me  in  the  above  explanation, 
but  thiuks  it  ifl  due  to  this;  that  the  [>articlL'6  of  the  diamagoeCtc 
itself  TW^uire  time  to  assume  their  new  state.  That  they  may 
require  time  i-t,  I  think,  very  probable.  1  do  not  know  any 
state  the  acquiring  of  vhieh  docs  not  need  time.  This  time 
is  however  most  probably  exceedingly  small  in  the  instance  of 
diamagnctic  Ixxlics;  and  that  the  phenomena  referred  to  by  mo 
are  nut  due  to  such  a  cause,  is,  I  tlunV,  shown  by  two  consider- 
ations. The  first  is,  that  the  electro-magnet  is  veil  known  by 
other  kiudB  of  proof,  as  tbc  induction  of  currcnUj  &c.,  to  require 
time  to  dcvclopD  its  maximum  force  due  to  a  gircn  electric  cur- 
rent. I  have  showu  that  the  rotation  of  the  ray  must  increftsc 
daring  the  time  the  magnet  is  thus  rising ;  and  I  found  that 
tbo  power  to  induce  currents  exists  simultaneously  with  the 
increasing  rotation.  The  next  consideration  is,  tliat  when  tlu- 
diamognctic  is  »ubmittcd,uotto  the  action  of  au  clcctro-magnct, 
but  of  a  helix,  the  rotation  doca  nut  increase  in  the  same  gradanl 
manner  aa  before, but  is  instantly  at  a  maximum  (Kxperimcntal 
nesearcliesj  2195.)  :  heucc  my  reasons  for  adhering  to  the  ex- 
planation T  gave  in  the  papers  themselves  last  year. 

But  on  subjects  »o  new  aa  these,  dilTtnTnccs  of  opinion  must 
inevitably  nriw  upon  many  point* ;  and  it  is  better  for  the  inqui- 
ries themHclvcs  that  it  should  be  so,  for  the  facts  in  Consequence 
receive  a  more  close  inTCstigation.  I  tlierefnre  leave  many 
pmnts  of  diflereucc  between  myself  and  others  unnoticed  far 
the  present ;  believing  that  new  and  connected  facts  will  rapidly 
accumulate,  aud  that  time,  with  his  powerful  aid,  will  in  a  very 
few  years  give  both  Facte  and  opinions  their  right  placca. 

Ro^al  Jniiilufhn, 
August  11,  1846. 
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To  Richard  Taj/lor,  Esq. 

My  ih;*r  Sir, 

I  LATELY  received  ft  papcr  from  Professor  Zantodeschi,  pub- 
lished by  him,  and  coiitnining  an  nocoiut  of  the  discovei^,  by 
P.  Hancalari,  of  the  magnetism  (diamaguetism)  of  flame,  and  of 
the  further  cxjjrrimcnta  of  Znntrdcschi,  by  which  he  confirms 
t1ie  result,  and  sliom  tliat  flame  is  rrpelled  fixim  the  axial  line 
joining  tvo  m«(i;nctic  poles.  I  scud  you  the  paper  that  jou 
may,  if  you  estimate  its  importajice  as  hij^lily  as  I  do,  nrpnnt 
it  in  the  Philosophical  Magazine;  and  I  send  oIho  with  it  these 
Further  experimental  conflrmatiotts  and  extensions  of  my  own. 
Ab  M.  Zantcdcachi  lias  published  bis  rcsalts,  I  hare  felt  myself 
at  liberty  to  work  on,  the  subject,  wbieh  of  course  interested 
me  very  closely.  Probahly  what  I  may  describe  will  only  come 
in  confirmation  of  that  which  has  been  done  already  in  Italy 
or  clHewhcrc;  and  if  so,  I  hope  to  stand  excnsed  ;  for  a  second 
witness  to  an  inijiortiiiit  fact  is  by  uu  menne  superfluous,  and 
may  in  tlic  present  case  help  to  induce  others  to  enter  actively 
into  the  new  line  of  invcatigatiou  presented  by  diamagnetic 
bodies  generally. 

I  soon  veriflcd  the  cliicF  result  of  the  diamagnctlc  affection  of 
flame,  and  scarcely  know  how  T  rould  have  failed  to  observe  the 
effect  years  ago.  As  I  suppose  1  have  obtained  much  more 
striking  ci-idcnce  than  that  referred  to  in  Zantedcschi's  paper,  I 
will  describe  the  »hnpe  and  arrang<?me»t  of  the  twseutinl  pnrti*  of 
my  apparatus.  The  elcetro-magtict  used  wan  the  jwwerfnl  one 
described  in  the  Experimental  Researches  (2247.].  The  two 
tcrmiHal  pieces  of  iron  forming  the  virtual  magnetic  poles  were 
each  1'7  inch  square  and  0  inches  long;  but  the  ends  were 
shaped  to  a  form  appi-oachinji  that  of  a  cone,  of  wliich  tbe  sides 
have  an  angle  of  about  100'',  and  the  axis  of  which  is  harizonta] 
and  in  tli<:  ujiper  surface  of  the  pieces  of  iron.  The  apex  of  each 
rend  vtis  rounded ;  nearly  a  tenth  of  an  inch  of  the  c«nc  being  in 
tliis  way  removed.     When  these  terminations  arc  brought  near 

■  Philcsopbical  Magftune,  S.  3,  vol.  xzxi.  Xo.SlQ,  Deoeuber  1847. 
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to  each  other,  tlic;  gire  a  powerful  effect  in  the  ma^ootic  field, 
and  the  axial  line  of  magnetic  force  is  of  course  horizontal,  and 
on  a  IcFcI  nearly  with  the  upper  surface  of  the  bara.  I  hare 
fuitnd  tliia  form  exceedingly  adrantageoaa  in  a  great  raricty  of 
experiments. 

When  the  flame  of  a  wax  taper  was  held  near  ihe  axial  line, 
hut  on  one  side  or  the  other,  about  one-ttiird  of  the  flame  rising 
above  the  level  of  the  upper  surface  of  the  polcM,  aa  »oou  aa  the 
magnetic  force  was  on,  the  flame  was  affected ;  and  receded  from 
the  axial  line,  moving  cqnatotiully,  until  it  took  an  inclined 
position^  as  if  a  gentle  wind  vu  causing  its  deflection  from  the 
upri{;bt  position ;  an  effect  which  ceased  the  instant  the  mag- 
netism was  removed. 

The  effect  was  not  instautaneoua,  hut  rose  gradually  to  a 
maximum.  It  ccasetl  very  quickly  when  the  magnetism  was 
nnnorcd,  llie  progrcssit'c  increase  is  due  to  the  gradual  pro- 
duction of  eurrenta  in  the  air  about  the  magnetic  field,  which 
tend  to  bo,  and  arc,  formed  on  the  assumption  of  the  magnetic 
eouditions,  in  the  presence  of  the  flame. 

^'hcn  the  flame  was  placed  so  aa  to  rise  truly  Bcra«t  the  mag- 
netic axis,  the  effect  of  the  magnetism  was  to  compress  the  flame 
between  the  jwint^i  of  the  poles,  making  it  recede  in  the  direction 
of  the  axial  line  from  the  poles  towards  the  middle  traosverso 
plane,  and  also  to  HhoKcn  the  top  of  the  flnmc.  At  the  same 
timet  lie  toijand  sides  of  the  compressed  part  burnt  more  vividly, 
liecausc  of  two  streams  of  air  which  set  in  from  the  poles  on 
each  Hide  dircetly  against  die  flnmc,  and  then  passed  out  with 
il  iu  the  equatorial  direction.  But  there  wa.-*  at  the  same  time 
a  repuUiou  or  I'ccctssion  of  the  jKtrta  of  the  flame  from  the  axtal 
line;  for  those  ijortions  which  were  IjcIow  did  not  usccud  so 
tiuickly  08  before,  and  iu  ascending  they  also  passed  off  iu  on 
inclined  and  equatorial  direetiou. 

On  raising  the  ilanie  a  little  more,  tlie  cfl'cct  of  the  magnetic 
force  was  to  increase  tlie  intensity  of  the  results  just  described, 
and  the  flame  actually  became  of  a  lish-tnil  shape,  disjioscd  across 
the  magnetic  axin. 

If  the  flame  was  raised  until  almut  two-thirds  of  it  were  above 
the  level  of  tie  axlnl  line,  and  the  pules  approached  su  near  to 
cnch  other  (about  0*3  of  an  inch)  that  they  began  to  cool  and 
cumprcflB  tU  part  of  the  flame  at  the  a\ta]  line,  yet  without  iu- 
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terfering  with  its  ri«iiig  freely  between  them  ;  then,  on  rendering 
the  magnet  active,  the  flame  hccame  n\are  and  more  roniprcsscd 
and  shortened  ;  and  as  the  cRreta  prnccctlcci  to  a  maximum,  the 
top  at  last  dcsccudcd,  and  the  flame  no  more  rose  hclnccn  the 
magnetic  poles,  hut  spread  out  right  nntl  left  on  each  side  of  the 
axial  lino,  prndueing  a  double  flanif?  hctwecn  two  long  tongue^i. 
This  flame  waa  very  hright  along  the  upper  extended  forked 
fdge,  hciug  there  invigorated  hy  a  curreut  of  oir  which  de»caided 
from  between  the  poles  on  to  the  flame  at  this  part,  and  in  fact 
drove  it  away  in  the  equatorial  direction. 

When  the  magnet  was  thrown  out  of  action,  the  flame  resumed 
itfl  ordinary  upright  form  between  the  poles,  atouce;  being  de- 
pressed and  redJTidcd  again  by  the  renewal  of  the  magnetic 
ikCtion, 

When  a  small  flame,  only  about  oiw-third  of  an  inch  high,  was 
ptnced  between  the  poles,  the  magnetic  force  instantly  flnttcocd 
it  into  an  equatorial  disc. 

If  a  ball  of  cotton  about  the  f\zc  of  a  nut  !)c  bound  up  by 
wire,  snaked  In  aether  and  inflamed,  it  wilt  'give  a  flame  Rix  or 
tevca  inches  high.  This  large  llamc  rises  freely  and  naturally 
between  the  poles  \  but  a«  soon  as  tUc  magnet  is  rendered  active, 
it  divides  and  passcH  olf  in  two  flanie«,  the  one  on  one  side,  and 
the  otlier  on  the  other  side  of  the  axial  line. 

Such  therefore  is  the  general  and  very  striking  effect  which 
may  be  produced  on  a  flame  by  miignetic  nctiou,  the  important 
discovcrj-  of  which  wc  owe  to  I*.  Bancalari. 

I  verified  the  results  obtained  by  M.  Zantcdcschi  with  dif- 
ferent flames,  and  found  that  those  produced  by  nlcohol,  ajitlier, 
coal.gaif,  hydrogen,  isuljjhur,  phosphonis,  and  camphor  were 
all  affected  in  the  same  manner,  though  not  apparently  with 
equal  strength.  The  brightest  flames  apjiearcd  to  he  most 
affected. 

The  ebicf  results  may  be  shown  in  a  manner  in  some  respects 
still  more  striking  and  instructive  than  those  obtained  with 
flame,  by  using  a  smoking  taprr.  A  taper  made  of  wax, 
coloured  green  hy  verdigris,  if  Buffered  to  burn  upright  for  a 
minute  and  then  blown  out,  will  mnally  leave  a  wiek  with  a 
spark  of  fire  on  the  top.  The  subdned  eombnstion  will  however 
still  go  on,  even  for  nn  hour  or  mure,  sending  up  a  thin  deusc 
atreum  of  smoke,  which,  in  a  quiet  atmosphere,  wilt  rise  vcrti- 
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ca]]y  for  six  or  eight  inches ;  and  id  a  moving  atmoi^hcre  wilt 
hJiow  erery  chitQgc  of  its  motion,  both  u  to  direction  luul  intcn- 
ftitr.  When  the  taper  ia  held  beneath  the  pole«,  so  that  the 
stream,  of  fimoko  pu&aes  a  little  on  one  side  of  the  axial  line,  the 
stream  m  scarcely  affected  by  the  power  of  tlieroaipiet,  the  taper 
being  three  or  four  inches  below  the  poles ;  but  if  the  taper  be 
raised^  so  that  the  coal  is  not  more  than  an  iuch  below  the  axial 
line,  the  stream  of  smoke  ia  much  more  affected,  facing  bent 
outwards;  aud  if  it  be  brought  utiU  higher,  there  is  n  point  at 
which  the  suiuke  leaves  the  taper-wick  evcu  in  a  horizoulal  di> 
rcction,  to  go  oqaatorially.  If  the  taper  be  held  so  that  the 
emokc-stroam  paaeca  Ifirnvffh  the  axial  line,  luid  thcu  the  tli- 
Btancca  be  raricd  as  before,  there  is  little  or  no  Hcnsible  effect 
vhcn  the  wick  is  four  inches  below  ;  but  being  raised,  as  soott 
as  the  vform  part  of  tlie  Rtream  i«  between  the  polos,  it  tend*  to 
divide;  and  when  the  ignited  nick  \n  about  an  inch  below  the 
axiaJ  Hue,  the  nmokc  rises  vertically  in  one  column  until  about 
twQ-thinls  of  thnt  distance  is  passed  over,  and  then  it  divides, 
going  right  and  left,  le&riug  the  space  bctwccu  the  poles  clear. 
As  the  taper  is  slowly  raised,  the  division  of  the  smoke  descends, 
taking  place  lower  down,  until  it  occurs  upon  the  wick,  at  the 
clistanee  of  0'4  or  0*5  of  an  inch  below  the  axial  line.  If  the 
taper  bo  raineil  still  more,  the  magnetic  effect  is  so  great,  aanot 
only  to  divide  the  stream,  but  to  make  it  descend  on  each  side 
of  the  ignited  wick,  producing  a  form  reeemhliiig  that  of  the 
letter  W  ;  and  at  the  same  time  the  top  of  the  burning  wiek  is 
greatly  briglitooed  by  the  stream  of  air  that  is  impelled  down- 
wards  upon  it.  In  these  experiments  the  magnetic  poles  slioidd 
be  about  0*25  of  an  iuch  apart. 

A  burning  piece  of  amadou,  or  the  cud  of  a  splinter  ^  wood, 
produced  the  same  effect. 

By  means  of  a  like  smalt  spnrk  nnd  stream  of  smoke,  I  faa\'C 
even  rendered  evident  the  iwwcr  of  an  ordinary  magnet.  The 
magnet  was  a  good  one,  and  the  poles  were  close  to  cmU  other 
and  conical  in  form, 

IJcforc  leaving  this  description  of  the  geneml  pbicnomenon 
nnfl  proceeding  to  a  consideration  of  the  princi]deH  of  magnetic 
Bctiun  roiiwrued  in  it,  I  may  say  that  a  single  |m)1c  of  the  mag> 
net  produces  similnr  effects  upon  flame  and  Mnokc,  but  that  they 
ore  much  less  striking  aud  observable. 
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Though  the  effect  be  so  manifwt  in  a  flame,  it  ia  not,  at  first 
sight,  crident  what  is  the  chief  cause  or  causes  of  the  result. 
The  Aeat  of  the  flame  in  the  mmt  apparent  and  probable  con> 
ditiou ;  but  there  arc  other  circuntataiiccs  which  mar  be  equally 
or  more  influential.  Chemical  action  ia  going  on  at  the  time : — 
dolid  matter,  n'hicli  in  known  1o  he  iliiimagnetin,  cxiHt»  in  acvcral 
of  the  Samea  used : — aiid  a  great  difference  cxistA  between  tho 
matter  of  the  flame  and  the  surroujiding  air.  Now  any  or  all 
of  these  circumstances  of  temperature,  chemical  action,  solidity 
of  part  of  the  matter,  and  differential  composition  in  reepcct  to 
the  Burrounding  air,  may  concur  in  producing  or  influencing  the 
result. 

I  placed  the  wiren  of  an  electrometer,  and  also  of  a  galvano< 
I  meter,  in  various  porta  of  the  aflcetcd  flame,  but  coald  not  pro- 
l-cure  any  indications  of  the  CTolutionof  electricity  by  any  action 
on  the  inRtriimrnt*. 

I  examined  the  neij^hhourhuod  uf  the  axial  line  as  to  the 
cxiirtcnci':  of  any  current  in  the  air  wlicu  there  was  no  flume  or 
heat  there,  iiaiuf;  the  visible  fumes  produced  when  little  pcllcta 
of  paper  dipped  in  strong  solutions  of  ammonia  and  rooriatic 
acid  were  held  near  each  other;  and  though  1  found  that  a 
stream  of  such  smuke  was  feebly  affected  by  the  magnetic 
power,  jet  I  was  satisfied  there  was  no  current  or  motion  in 
the  common  air,  as  such,  between  the  polca.  'ITic  smoke  itself 
WM  feebly  diamagnctic ;  due,  I  bclicrc,  to  the  solid  particIcB 
in  it. 

But  when  flame  or  a  glowing  taper  ia  used,  strong  currents 
arc,  under  favourable  circumstances^  produced  in  the  air.  If 
the  flame  he  l)ctwp«u  the  poles,  these  currents  take  their  coarse 
along  the  surface  of  the  poles,  which  they  leave  at  the  opposite 

ees  connected  by  the  axial  line,  and  passing  parallel  to  the 
jftxial  line,  impingo  on  the  opposite  sides  of  the  flame;  and 
feeding  the  flame,  they  make  part  of  it,  and  proceed  out  cqun- 
tonally.  If  tho  flame  be  driven  asunder  by  tho  force  of  these 
currents  nud  rctrrat,  the  currents  follow  it ;  and  so,  when  the 
ae  is  forked,  the  air  which  is  between  the  ptjles  furma  a  cur- 
rent which  seta  from  the  poles  downwardH  and  sideways  towards 
the  flame.  T  do  not  mean  that  the  air  in  evmj  cnsc  travels 
along  the  surface  of  the  poles  or  along  the  axial  lines,  or  even 
from  betneeu  the  pole»  j  for  iu  the  ca&c  of  the  glowing  taper. 
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held  liatf  tax  inch  or  so  bcnoatli  the  axial  line,  it  in  the  cool  air 
■which  is  nest  nearest  to  the  taper,  and  (gcucridly)  bctnccn  the 
tnpcr  iiud  the  axiul  line,  that  fnlU  with  most  force  U]iou  it.  lu 
fiiet  the  movements  of  the  pmts  of  the  air  and  flame  are  due  to  a 
diiTereutial  action.  Vt'c  shall  sec  [ircacntly  that  the  air  is  dia> 
magnetic  as  wi;il  as  flame  or  hot  Bmokc;  i,e.  that  holli  U-ml, 
accordinR  to  the  general  law  vhicli  I  have  expressed  in  the  Ei- 
pcrimental  Researches  (3267.  &c.),  to  move  from  etronger  to 
weaker  places  of  mti^netic  force,  but  that  hot  air  auti  flame  are 
more  so  than  cold  or  cooler  air  :  so,  when  flame  nut]  air,  or  air 
at  iliflerrnt  tcmpcraturca,  exist  at  the  same  time  irithtn  a  space 
under  the  influence  of  magnetic  forces,  diifcring  in  intensity  of 
action,  tlit;  hotter  particles  will  tend  to  pasw  from  stronger  to 
weaker  places  uf  action,  to  be  replaced  hy  the  colder  particle* ; 
the  former  therefore  will  hare  the  effect  of  heiug  repelled  ;  and, 
the  eurrcnt»  thnt  arc  set  up  are  produced  by  this  action,  com- 
bined with  the  mechanical  force  or  current  posscswid  by  the 
tlamc  in  its  ordinary  relation  to  tlic  atmoKphcrc. 

It  n-ill  he  evident  to  yon  that  I  have  considered  flame  only  us 
u  particular  case  of  a  general  law.  It  in  a  most  important  and 
heautifiil  one,  and  it  haa  given  us  the  discovcrj- of  riiamagnetiam 
in  gaseous  bodies :  but  it  is  &  complicated  one,  a&  I  shall  now 
pniefiefl  to  show,  by  analysing  some  of  its  conditions  nud  sepa- 
rating thrir  effects. 

For  the  purpose  of  examining  the  cflcct  of  heat  alone  in  con- 
ducing to  the  iliauiagnetic  cuuilitiou  of  flame,  a  small  helix  of 
fine  platina  wire  was  attached  to  two  stronger  wirea  of  copjKT, 
so  that  the  helix  coiUd  bo  placed  in  any  given  position  aa  re- 
garded the  magnetic  pides,  and  at  the  (tame  time  he  igiiiuYl  at 
plca-xure  by  a  voltaic  battery.  In  this  manner  it  was  siibstiiutcd 
for  the  burning  taper,  and  gave  a  beautiful  highly  heated  current 
of  air,  unchanged  in  its  cbcmicnl  condition.  When  the  helix 
was  placed  directly  under  the  asial  line,  the  Imt  air  roee  np  be- 
tween the  poles  frttly,  being  rendered  evident  above  by  a  ther- 
mometer, or  by  burning  the  finf»cr,  or  even  scnrrhitig  paper; 
but  as  soon  as  the  magnet  wan  ronden^d  aetire,  the  hoi  air 
divided  into  a  double  stream,  and  was  found  osccndiog  on  the 
two  sides  of  the  axial  tine;  hut  a  descending  current  was 
formed  l)ctween  the  poles,  flowing  downwards  towards  the  helix 
and  the  hut  air,  which  rose  aud  ]KLssod  ofl'sidcwayii  from  it. 
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It  is  tlicrefore  perfectly  manifest  tbet  hot  air  ia  diamagnctic 
ill  relation  to,  or  more  diaraagnetic  than,  cold  air;  and,  from 
this  foct  I  concIiKlcd,  thnt,  liy  calling;  the  air  bclon-  tTie  iiatnrnl 
tempcratnrc,  I  ehmiltl  cause  it  to  approach  the  uo^icticaxis,  or 
ap|)car  to  be  magnetic  iu  relation  to  ordinary  air.  1  had  a  little 
appavfltu*  niflde,  in  wliicli  a  vertieiil  tulw  delivering  air  was 
pasRcd  through  a  vessel  ctnitainiiig  a  frigorifif  mixture;  the 
laticr  being  so  ulotlied  with  flannel  that  the  external  air  shonld 
nut  be  cooled,  and  so  invade  the  whole  of  the  muKnctie  field. 
Tlie  central  current  of  cold  air  was  directed  downwards  a  little 
on  one  Ride  of  the  sxial  line,  and  falling  into  a  tube  containing  a 
delicate  air-thermometer,  there  sliowcrl  its  effect.  On  rendering 
the  magnet  active,  this  effect  however  ceased,  and  the  thermo- 
meter rose ;  but  on  tringiug  tbc  latter  under  the  axial  line  it 
again  fell,  showing  that  the  cold  current  of  air  had  been  drawn 
inwards  or  attracted  townnU  the  axial  tine,  t.  e.  had  been  ren- 
dered magnetic  in  relation  to  air  at  common  temperaturea,  or 
\i's»  dinmagnctie  than  it.  The  hiwcr  temperatnrc  was  0"  P. 
The  cficct  wii»  hut  Kniall;  still  it  viim  distinct. 

The  effect  of  heat  upon  air,  iu  so  greatly  ino-cosiug  its  dia- 
maffnetic  condition,  i»  very  remarkable.  It  is  not,  I  think,  at 
nil  probnble  that  the  mere  elfeet  of  t^spauding  the  nir  is  the 
cause  uf  the  change  in  its  condition,  bccuuse  one  would  be  led 
to  expect  that  a  certain  bulk  of  expanded  air  would  he  less  sen- 
sible in  it»diamagnetic  elTectN  than  an  equal  hitlkof  deuacrair; 
just  as  one  would  anticipate  that  a  vacuum  would  present  no 
mngjic'tie  or  dianiagnctic  etfectsi  whatever,  but  be  at  the  zero 
point  Iwtivccn  the  two  cla-vw))  of  bodies  (Mx|ien mental  lie- 
Bcsrehes,  242^}.  2-^24.).  !t  ia  eertaiuly  true,  that  if  the  air  were  a 
body  belonging  to  the  magnetic  class,  then  its  expansion,  being 
equivalent  to  dilution,  would  make  it  seem  (iiamngnctic  in  rcla- 
tiun  to  ordinary  air  (Kxperimental  Kesearehcs,  ^307.  2-WS.); 
hut  that,  I  tliiuk,  IK  nut  likely  to  he  the  case,  as  will  be  seen 
hy  the  results  dcaerihed  further  on  in  reference  to  oxygen  and 
nitrogen. 

If  the  power  conferred  by  heat  is  a  direct  couscqucaco,  and 
proportionate  to  the  temperature,  then  it  gives  a  very  remark- 
able character  to  gases  and  vaijours,  which,  as  we  shall  t^c 
hereafter,  possess  it  in  common.  In  my  former  experiments 
(Experimental  Kesuarclic:s,  335D.  23U7.)  1  heated  various  dia- 
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magnetic  bodicsj  but  oonld  not  perceive  that  their  degree  or 
magnetic  force  was  at  all  iucrcased  or  affcrtcd  fjy  the  tom[>era- 
tiure  given  to  tUcm.  1  have  again.  eubiuittPiI  small  c>-Hntlcrs  of 
copper  and  silrer  to  the  action  of  a  siuglc  pule,  at  common 
tompcratiire*  and  at  a  red  heat,  with  the  same  rtsuU.  If  there 
wa«  any  effect  of  increatied  temperature,  it  waji  that  of  a  very 
slight  increase  in  the  liismagDetic  force,  but  I  am  not  sore  of 
till}  result  At  present,  therefore,  the  gaseoas  and  raporouft 
bodiM  8CCIU  to  be  strikingly  distinguished  by  tbc  powerful  effect 
vhich  licftt  has  in  increasing  their  diamaguctic  condition. 

As  all  the  experiments,  whether  on  flame,  smoke,  or  air, 
aeemcd  to  nhow  thnt  uir  tiad  a  dintinct  magnetic  rclntiou,  which, 
though  highly  affected  by  tcniprraturc,  atill  belonged  to  it  at 
alt  temperatures;  ao  it  was  a  prob&hlc  conclusion  that  other 
go^eouH  or  raporois  IkkIics  -woukl  be  diamagnctic  or  magnetic, 
and  that  they  would  differ  from  ea<!h  citluT  even  at  ronimon  or 
equal  temperaturea.  I  proceeded  therefore  to  examine  tliem, 
delivering  streams  of  each  into  the  air,  in  the  first  in^tanec,  hv 
lit  apparatuji  aud  arrangements,  and  examining  the  oourae  tukcn 
by  these  strcamu  in  passing  acroes  the  magnetic  field,  the  mag- 
netic force  being  cither  iuduccd  or  not  at  the  time. 

In  dehvcriug  the  various  streams,  I  sometimes  introdueed  the 
gases  into  n  globe  with  a  mouth  and  alto  a  tubtilor  spout,  and 
then  poured  the  gas  out  of  the  spout,  npwards  or  downwards^ 
Bccrurdiug  as  it  was  lighter  or  heariorthan  air.  .\t  other  timcTi, 
as  with  muriatic  acid  or  ammonia,  I  dclivcretl  the  streams  from 
the  mouth  of  the  retort.  But  as  it  is  7ery  important  not  to 
deluge  the  magnetic  6e1d  with  a  qnantity  of  inrisible  gas,  I  de- 
Tued  the  following  arrangement,  which  answered  well  for  all  the 
gases  not  sulttbic  in  water.  A  WouIPk  Ixittlu  was  chosen 
hairing  three  apcrtnrvs  at  the  top,  a,  b  and  c  -,  a  wide  tube  waj 
fixed  into  aperture  a,  dettcending  within  Uie  bottle  to  the 
bottom,  and  being  open  alxivo  and  Iwlow ;  by  tliis  any  water 
could  be  poured  into  the  bottle  ami  employed  to  dtaplaoc  the 
gas  prcvioiwly  witiiiu  it.  Aperture  b  was  closed  by  a  stopper.i 
Aperture  e  had  on  e^iternal  tube,  with  a  stop-cock  iixcd  in  it  to 
conduct  the  gaa  to  any  place  desired.  To  expel  tbc  gas  and 
■end  it  forwniil,  a  ciutern  of  water  was  placed  ahoye  Ihc  bottle, 
and  its  cock  so  plugged  by  a  oplinter  uf  wood,  that  nhen  full 
open  it  delivered  only  twoWo  cubic  inchea  of  fluid  in  a  minato. 
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Tliis  stream  of  iratcr  being  directed  into  aperture  a,  and  tbo 

\  cock  of  tube  c  open,  twelve  cubic  iuchcs  of  any  gas  within  tlic 

W'ouirs  bottle  wa»  delivered  in  a  minute  of  time;  find  this  I 

found  nn  excellent  [iruportion  for  our  magapt  and  sp])aratuB. 

With  resiiect  to  tbcdelivery  of  this  gas  at  the  magnctie  poles, 

a  pit'cc  of  glass  tube  bent  into  tliis  shape ^.  was  held  by  a 

clump  ou  the  etoge  of  the  magnet,  so  tliat  it  could  easily  be 

slipped  backward  and  forward,  or  to  one  side,  and  bo  its  Tcrticol 

part  be  plftped  nnywhcre  below  the  axial  line.     Tlic  aperture  at 

tliiii  end  wati  nbout  the  one-eighth  of  nn  inch  internal  diameter. 

In  the  horiKontnl  part  near  the    angle  was  placed  a  piece  of 

bibulous  paper)  muiatcncd  with  strong  solution  of  muriatic  ncid 

(when  ueccdsury).    The  horizoutal  part  of  the  tube  vraa  cou- 

ncctcd  nud  discomiceted  in  a  moment,  when  neocitsnryj  with  the 

tube  c  of  tlie  gas-bottle,  l>y  «■  Hbort  piece  of  Tiiloanizcd  rubber 

tulje.     If  the  gas  to  be  employed  as  a  stream  wore  heavier  than 

the  liurrouudinj;  medium,  then  the  glass  tube,  insleAd  of  having 

the  form  delineated  above,  was  so  bent  as  to  deliver  itii  stream 

downwardH  aiid  over  the  axinl  line.    lu  thii»  manner  currents  of 

iliiTerenl  ga«es  could  be  delivered,  perfectly  steady  and  under 

perfect  coutiUHnd. 

The  next  point  was  to  detect  and  trace  the  course  of  these 
itrcams.  A  little  ammonia  vapour,  delivered  near  the  magnetic 
field,  did  this  in  Homc  degree,  but  was  not  sa.tUfactory ;  for,  in 
the  fir»t  place,  the  little  cloud  of  muriate  of  ammonia  particles 
formed,  is  itself  diamagneticj  and  fiirtiicr,  the  trantiuil  oondt- 
tiou  of  the  air  in  the  muguctic  field  wan  then  too  much  dis- 
turbed. CutcL-tubcii  wcru  therefore  arranged,  conaisting  of 
tubcH  of  tliiu  glaas  about  the  sixe  and  length  of  a  linger,  open 
at  both  enda,  and  fixed  upon  little  Ktands  so  that  tlicy  could  be 
adjusted  either  over  or  under  the  magnetic  -poles  at  pleasure. 
When  they  were  over  the  poles,  I  generally  had  tlirce  at  once; 
otic  over  the  axial  line  and  one  at  each  side.  When  they  were 
under  the  poles,  the  lower  end  waa  turned  up  a  little  for  tbo 
purpose  of  facilitatiiig  observation  there. 

The  gas  delivered  at  the  poles,  as  already  described,  con- 
tained a  little  muriatic  acid  (obtained  from  the  solution  in  the 
[>ai>cr),  but  not  enough  to  reuder  it  visible.  To  malcr  it  mani- 
lest  up  which  catcli-tubc  it  passed,  a  Uttlc  piece  of  bibulous 
papci-,  folded  and  bound  round  and  suspended  by  a  copper  wire, 
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woe  dipped  in  the  solution  of  nminonin  and  hung  in  each  of  the 
tubes.  It  was  (hen  evident  at  once,  by  tlie  risiblo  fume  formed 
St  the  top  of  one  of  tlic  tulR-a,  wlictlier  the  gas  dc-Iircrrtl  lirlow 
nastted  up  the  onu  or  the  utliur  tube,  itiid  vkirh  :  mid  yet  the 
gas  wan  perfectly  clear  ttud  tranaparcut  m  it  passed  by  tbc  place 
of  magnetic  action. 

In  nilditiatt  to  these  arrungcmcutSf  I  built  up  a  Bbeltcrtng 
cliamber  about  tlic  magnetic  poles  and  field,  to  preserve  the  air 
undisturbed.  This  was  about  six  iuches  lon^  by  four  inches  in 
widtlt  uud  height,  aud  vos  cosily  made  of  tliin  platen  of  mica, 
which  were  put  togcthpr  or  tnkon  down  in  a  inomcut.  The 
chamber  wns  frequently  left  more  or  Icsn  open  iit  the  top  or 
h[>tlom  for  the  escape  of  gancs,  ur  the  place  of  the  catch^tubes. 
Its  adrantagts  were  very  great. 

Air. — In  the  tintt  place  air  was  scat  in  tmder  these  arrange- 
ments, the  stream  being  directed  by  tbc  axial  tine.  It  mode 
itself  visible  in  tbc  cateb-tulw  ubove  by  tlic  Rmukc  produced  ;  but 
whether  the  magnet  was  active  or  not,  its  course  was  the  same; 
showing  that,  so  far,  tlio  apparataa  worked  well,  and  did  not  of 
itself  cau»c  any  crroncouii  indications. 

Nitrogen. — ^This  gas  waa  sent  from  below  upwards,  and  passed 
directly  by  the  axial  line  into  tbc  catcb-tube  above;  but  when 
the  magnet  was  made  active,  the  stresm  was  affCT-ted,  and  though 
not  Btopiied  in  the  middle  catch-tube,  port  appeared  In  the  side 
tubes.  The  jet  was  then  arranged  a  little  on  one  aide  of  the 
nxia)  line,  so  thai,  without  the  n).ignct)c  action,  it  sLJll  ascended 
and  went  up  the  middle  eatcli-tubc  ;  then,  when  the  nutguetic 
action  was  brought  on,  it  was  clearly  oflcclcd,  and  a  great  por- 
tion of  it  was  sent  to  the  side  catch-tube.  The  nitrogen  wfw, 
iu  fact,  mitnifcBtly  diamaguclic  in  relation  to  common  air, «  hen 
both  were  at  tbc  same  tcmperuturc ;  but  as  fuur«lifllisof  the  at- 
mosphere conaistfl  of  nitrogcu,  it  Bccmed  very  evident,  from  the 
result,  that  nitrogen  aud  oxygen  must  Ix;  very  different  ixom 
each  other  in  their  magnetic  relations. 

Ojt/fftfR. — A  stream  of  oxygen  was  acnt  down  through  air 
bi-twccn  the  poles.  When  there  was  no  maguetic  action  it 
dcHcciided  vertically,  and  when  the  maguctic  action  waa  ou  it 
apifcai'cd  to  do  the  «amc;  at  all  events  it  did  not  pass  off  cqua- 
turiully.  Hut  ns  there  was  reason,  from  the  iibove  exporimcnLs 
with  nitrogen,  to  expect  that  oxygen  would  ajipear,  not  dlamug- 
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netic  but  magnetic  in  air*  so  the  pince  of  the  stream  was 
changed  and  msule  to  tic  r)n  one  sido  of  the  axial  line.  In  this 
case  it  fell  jwrfectly  well  at  first  into  a  cutcli-tubc  jilacccl  be- 
neath ;  but  tiA  soon  ua  the  uiii^tici  was  rt-utlcrt'd  otrtive,  tlic 
stream  vsa  deflected,  being  drawn  towards  the  axial  line,  and 
fell  into  another  catch-tube  placed  there  to  rocoivo  it.  Sooxy> 
gen  appears  ti>  be  magnetic  in  common  air.  T^'hether  it  Iw 
realty  so,  or  only  less  (ilama^etic  tbaii  air  (a  mixture  of  oxygea 
and  nitrogen),  we  shall  be  better  able  to  consider  hereafter. 

llydrotfen. — This  gas  proved  to  be  clearly  and  even  strongly 
diama^ctic  ;  but  DOtwithstanding  the  powerful  osccasivc  force 
whirh  ita  stream  has  in  the  atmosphere,  because  of  its  small 
specific  grnrity,  still  it  was  welt  deflected  and  sent  eqiiatorially. 
Considering  the  lightness  of  the  gas,  one  might  have  expected 
that  it  would  have  been  drawn  towards  thir  axial  line,  as  a 
stream  of  rarcBcd  air  (if  it  could  exist)  would  be.  Its  diam&g- 
netic  state,  therefore,  shows  in  a  Htritcing  point  of  view,  that 
gases,  likc!  solids,  have  peculiar  aiul  distinctive  degrees  of  dia- 
magnctic  rorce. 

Carbonic  acid. — This  gas  made  a  beautiful  experiment.  The 
ftream  was  delivered  downwards  a  little  on  one  aide  of  tlic  axial 
line;  a  catch-tube  was  placed  a  little  further  out,  so  that  the 
Ktream  should  fall  clear  of  it  aa  long  as  there  was  no  activity  in 
the  magnet.  But  on  rendering  the  magnet  efficient,  the  stream 
left  its  vertical  direction,  paaned  eqiiatoriatly,  and  fell  into  ttic 
catcb-tuhv  ;  and  by  looking  horizontally,  could  bv  seen  flowing 
out  at  its  lower  extremity  like  water,  and  falling  away  through 
the  air.  Again,  the  magnet  wia  thrown  out  of  action,  an<l  n 
g1»ss  with  lime-water  placed  beuculli  the  lower  end  of  tlic  catch- 
tube  ;  no  carbonic  acid  appeared  there,  though  the  flnid  in  the 
glass  wn»  coutinually  stirred  ;  but  the  instant  the  magnet  wna 
excited,  the  carbonic  acid  appeared  in  the  catcli-tuhe,  fell  into 
the  glass  and  made  the  lime-water  turbid.  This  gas  therefore  is 
diamagnetic  in  air. 

Carbonic  oxide. — This  gas  wna  carcfidly  freed  from  carbonic 
acid  before  it  was  nsed.  It  was  employed  as  a  descending 
stream,  and  was  apparently  very  diamagnetic :  but  it  ia  to  be 
remarked,  that  a  subslanec  whieli  is  so  nearly  tlie  specific  gra- 
vity of  atmospheric  air  is  easily  dispersed  right  and  left  in  it, 
and  therefore  that  the  facility  of  dispersion  is  not  a  correct 
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fiudic&ttou  of  the  diamagnetic  force.    By  introducing  *  UtUe 

.  amtnutiia  into  tbu  mien  chamber,  it  was,  however,  eonlj  teea 

that  carbonic  oxido  was  drivoa  away  oquatorially  with  coiuiiler- 

ahlc  puwcr;  and  I  judge  from  ihc  appeu.niueCf  ihnt  ii  is  more 

dtamagnctic  than  carbonic  acid. 

Nitrotta  oxide. — This  gas  was  moderately,  but  clearly,  dia- 

nagnotic  in  air.    Much  interest  belongs  to  this  and  tho  oUicr 

H'fiompounds  of  nitrogen  and  oxygen,  both  because  they  contain 

^bhcsameelemcntt  as  air,  and  hecame  of  the  relations  of  nitrogen 

^paud  oxygen  tcparntcly. 

Nitric  oxide. — 1  tried  this  gas  both  as  an  up  and  down  cur- 
rent,  hot  could  not  determinG  it»  magnetic  condition.  What 
with  tlie  action  uf  the  oxygen  of  the  air,  the  change  of  the 
nature  of  the  subalauecs,  and  the  heat  produced,  there  was  to 
mucli  iucidcntal  disturbance  and  so  little  effect  due  to  magnetic 
influence,  that  I  could  not  he  sure  of  the  leault.  On  the  whole 
it  was  very  elightly  dirunsgnctic ;  but  so  little,  that  the  effect 
might  he  due  to  the  smukc  particles  which  served  to  render  it 
visible. 

jVi/j-utu  odd  gas. — DilHcult  to  obscrre,  but  I   believe  it  is 

I  slightly  magnetic  in  relation  to  air. 
Ohjiant  ya»  wns  diamagnctic,  and  well  bo.    TIic  little  differ- 
ence in  apccific  gravity  of  this  gai  and  air,  crcn  creates  a  diffi- 
culty in  following  tho  course  of  the  oleliBnt  gas,  uulcas  it  be 
watched  for  on  every  side. 

CoaUgat. — The  coal-gas  of  London  is  lighter  than  air,  being 
only  about  two-thinis  iu  weight  of  the  kttcr.  It  ia  rcry  well 
diamagnctic,  and  gives  exceedingly  good  and  distinct  results, 

•  Sulphurous  acid  yas  ih  dismagiietic  in  air.  It  was  gcuemted 
in  n  sninll  tulx^  rontaining  liijuid  »ulpliurou8  acid;  this  being 
connected,  in  place  of  tlic  ga»  bottir,  with  the  detivcry-lul>c  and 
luoulhpicoi;  by  the  vulcauixcd  ruh^Mir  tube.  The  presence  or 
absence  of  the  gas  in  the  catcb-tubc  viae  wcU  shown  by  ammo- 
nia, and  still  better  by  litmun  paper. 

Muriatic  acid. — The  retort  in  which  it  was  generated  was 
connected,  as  just  described,  with  the  delivcrj-.tube.  The  gas 
was  very  dveidctUy  diamagnctic  in  air. 

Jigdriodic  add  was  also  diama^ctic  in  air.    "When  tbcK 
VBS  an  abundant  stream  of  gn»,  its  entrance  into  and  passage 
hrough  tlie  aide  catch<tubc,  on  rendering  the  magnet  active. 
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wits  very  striking.  When  there  wu  less  gas,  the  stream  was 
dispersed  equatorial!}'  ia  all  directioiu,  aad  less  entered  the 
tube. 

Fluo-tilicott. — Diauagnetic  in  air. 

Ammonia. — Thig  gas  was  evolved  from  materials  in  a  retort, 
and  teiittid  in  the  catch-tube  aliovo  by  muriatic  ncid  in  the 
pa{)cr.  It  waa  well  diamagnctic,  corresp<inding  in  this  reiipeet 
with  the  eliaracter  of  its  elements.  It  could  also  be  very  well 
indicated  by  reddened  litmus  paper  held  ovtrr  the  tubes. 

Chhrinf  was  sent  from  the  AVonlf'a  bottle  apparatus,  and 
proved  to  bo  deeidcdiy  diamagnctic  iu  air.  £itber  ammonia  by 
its  fumes,  or  litmus  pajier  by  its  becoming  bleached,  scrvctl  to 
indicate  the  entrance  of  the  chlorine  into  the  side  catch-tube 
every  time  the  magnet  was  rendered  active. 

Iodine. — A  piece  of  glass  tube  wa*  so  shaped  at  it«  lower  ex- 
tremity as  to  form  a  chamlier  for  the  reception  of  iodine,  which 
chamlier  bad  a  prolonged  mouth  directed  downwards  so  as  to 
deliver  the  vapour  formed  within.  On  putting  a  little  imlinc 
into  the  chamber,  then  heating  it,  and  especially  the  mouth 
part,  by  a  spirit-lamp,  and  afterwards  inclining  the  apparatus, 
ahnndnncc  of  the  vapour  of  iodine  vaa  generated  as  the  sub- 
stance  floncil  on  to  the  hotter  iiarts,  and  passed  in  a  good  stream 
from  the  mouth  dowuvrards.  This  pur{>Ic  stream  was  diamag- 
uetie  in  air,  and  could  be  seen  flowing  right  and  left  from  the 
axial  line,  when  not  too  dense.  If  very  dense  and  heavy,  its 
grarity  was  such  a»  to  make  it  break  through  the  axial  line, 
notnitlistanding  the  action  nf  tht;  magnet;  still  it  was  mauifcat 
that  irxliitc  is  diamagnctic  t<}  air. 

liromini: — A  little  bromine  was  put  into  the  horisontal  part 
of  the  delivery-tuhe,  and  then  air  passed  over  it  by  the  apparatus 
ahruady  described.  So  much  bromine  ro«(e  into  vapour  u  to 
make  the  air  of  a  yellow  colour,  and  caused  it  to  fall  well  in  a 
Ktream  by  the  aiiid  line.  A  little  ammonia  delivered  near  the 
magnetic  field  ahowcd  that  this  stream  waa  diamagnctic,  and 
bencc  it  may  fairly  be  prcaumcd  that  the  pure  vapour  of  bromine 
would  be  diamagnctic  also. 

Cyanogen. — Strongly  dianiagnetic  in  air. 

Taking  air  as  the  staudard  of  comparison,  it  is  very  striking 
to  ol)8Crve,  that  much  as  gases  appear  to  dilfer  one  from  anotlicr 
in  the  degree  of  their  diamagnctic  condition,  there  are  very  few 
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tliat  are  not  more  diatnagnetic  tlian  it;  and  when  tlie  inveatign- 
tioii  in  carried  forward  into  tUc  rclatioD  of  the  livo  cliief  consti- 
tuents of  airj  oxygen  and  uUrogeu,  it  U  stUl  more  strikiug  to 
obscn'C  the  very  \o-w  couditiou  of  oxygen,  irliich,  in  fact,  is  tho 
cauoe  of  thu  vumparativt'ly  low  condition  of  air.  Of  all  the 
vapours  uud  gsses  yet  tried,  oxygen  seems  to  be  that  wliich  lia« 
tlic  least  dianiagiiclic  force.  It  ia  as  yet  a  question  where  it 
stands;  for  it  iriaj  he  as  low  aa  a  vacuum,  or  may  even  pass  to 
the  magnetic  side  of  it,  and  experiment  docs  not  as  yet  giro  nu 
answer  to  the  question.  1  beUcrc  it  to  be  dinmngneticj  and 
this  belief  is  strengthened  by  the  action  of  heat  upon  it,  to  be 
described  hereafter ;  but  it  is  cxrtt^iingly  low  iu  the  scale,  and 
iar  beluw  chlorine,  iodine,  and  such  like  bodies. 

All  the  compoundi)  of  oxygen  and  Ditrogca  seem  to  show  the 
influence  of  the  prcj^cnce  of  the  oxygen.  Nitrous  acid  seems  to 
be  leHH  diaiiiaguulie  than  air.  Nitric  oxide  mingled  u-ith  nitroas 
acid  and  warm,  is  about  aa  air.  Nitrous  oxide  U  clearly  dia- 
magiietic  iu  air,  though  il  contains  more  oxygen :  but  it  also 
coutaius  wore  nitrogen  than  air,  and  i.s  aUo  denser  than  it,  so 
that  there  is  more  matter  present;  still  I  think  the  results  are 
ill  favour  of  the  idea  that  osygcu  is  diamagoetic.  By  referring 
to  the  retutiou  of  carbonic  oxide  to  ciu'bonic  acid,  described 
further  on,  it  will  be  seen  that  the  addition  of  oxygen  seems  to 
make  a  body  less  diamagnctic.  But  the  truth  may  be,  not  that 
oxygen  is  really  magnetic,  but  that  a  compound  body  possenos 
a  9(>ecifie  diamaguctic  force,  which  U  not  the  sum  of  the  forces 
of  its  imrticles. 

It  is  very  difficult  to  form  more  than  a  mere  guess  at  the  re- 
lative degree  of  diamagnetie  force  pu»»es9cd  hy  different  gaseous 
bodies  wbcn  they  are  examined  only  iu  air,  because  of  the  many 
circunistaiiecs  which  tend  to  confuse  the  results.  First,  there 
is.  the  invisibility  of  the  gan  which  deprives  us  of  the  power  of 
adjusting  by  sight  so  as  to  obtain  the  best  effect :  then,  there  is 
thu  diOicrcnce  of  gravity ;  for  if  a  gas  a«ccnd  or  descend  in  a 
rapid  stream,  it  may  accm  lesa  deflected  than  another  flowing 
more  slowly,  though  it  bo  more  diaraagnctic;  and  as  to  gases 
nearly  uf  the  Hpeelfic  gravity  of  air,  wlietbvr  more  or  lesa  dia- 
mn^iiL-tic,  tlii-y  arc  almost  entirely  dispcncd  in  difierent  direc- 
tions, M)  thiit  little  only  enters  the  catcb-tnbe.  Another 
modifying  circunwlanee  is  the  di)»tiinec  of  the  aperture  deliver- 
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jing  gas  from  the  axial  line,  whicli,  to  oblam  the  maximum 

'  eCFiTt,  ought  to  vary  witli  the  grarity  of  the  gmses  and  their  diu- 

irtic  forcr.     Again,  it  is  important  that  the  magnetic  field 

not  filled  with  the  gas  to  be  cxamiued,  and  that  generally 

'  speaking  only  a  moderate  stream  be  employed ;  which  however 

must  depend  asain  npon  the  upccific  jfravity. 

The  only  correct  way  tlicrcifDrc  of  roiapuring  two  gaxcs  to- 
gether is  to  experiment  with  them  one  m  the  uthcr.  For  the 
experiments  made  with  {caacs,  in  gases  or  in  air,  arc  diffcreutial, 
and  similar  in  tht-ir  natrnxr  with  those  made  on  a  former  occasion 
with  solutions  (Jixpcrimcutal  Keacarches,  23G2.  &c.) ;  I  there- 
fore changed  the  eurrounding  medium  in  a  few  experiments, 
aubstiluting  other gasrs  for  air;  and  firat  iMjlceted  ca.rbotiie  acid 
as  a  body  easy  to  exiieriment  with,  and  one  that  would,  pro- 
bably, be  more  powerfully  than  some  otJicr  of  thi;  gases,  dio- 
magnetic  (I  speak  as  to  the  appearances  or  relative  results  only) 
in  air. 

1  comtrupted  a  kind  of  tray  or  box,  by  folding  up  a 
doubled  ahcct  of  waxed  pft|)er;  thus  making  a  vessel  13  inches 
long,  5  inches  wide,  and  B  inches  high.  This  was  placed  on 
the  ends  of  the  great  magnet,  and  the  terminal  pieces  of  iron 
before  deecribed,  placed  in  it.  The  bos  was  covered  over 
looRcIy  by  platca  of  mica,  and  formed  a  long  sqrnirc  chamber  in 
which  were  contained  the  magnetic  poles  and  Held.  AH  the 
former  arrangements  in  resjwct  of  the  raagnctic  field,  the 
dclircry.tnbc,  the  catctt-tnbes,  &c.,  were  then  made ;  and  lastly, 
the  box  was  filled  with  carbonic  acid  by  a  tube,  wliich  entered  it 
at  one  comer  J  aodwas,  from  time  totimc,  supplied  with  a  fn»b 
portion  of  gas,  na  ibc  previous  eontcnts  became  diluted  with 
gases  or  air.  Krerj'lhing  answered  perfectly,  and  the  following 
results  were  easily  obtained. 

Air  passed  axlally,  being  less  diamagnctic  than  carbonic  ocid 
gM. 

Oxygen  passed  to  the  magnetic  axis,  as  was  to  he  expected. 

Sitrogen  went  equatorially,  being  therefore  diamagnctic,  even 
Id  carbonic  nctd. 

Hydrogen,  cont-gaa,  ohjiant  gas,  muriatic  acid  and  ammonia 
passed  equatorially  in  carbonic  acid,  and  were  fairly  diamagnctic 
in  relation  to  it. 

Carioaic  oxidt  was  very  fairly  diamagnctic  in  carbonic  acid 
vol.  111.  2  I 
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gas.  Here  the  effect  of  oxygen  seoraa  to  be  rery  well  illuatratcd. 
Equal  Tohttnes  of  carbonic  oxide  aatt  carbouic  acid  coQtain  equal 
quiuttittGs  of  carboa ;  but  tbu  former  coutaiiuouly  baifas  muoh 
oxygen  as  tbe  lutter.  Yet  it  is  more  diamafiiictic  than  tbc  latter; 
so  that,  though  an  adilitiotial  volume  and  quautity  uf  oxygen, 
equal  to  that  iu  thu  carbouic  oxide,  is  lu  tbe  cvbomc  acid  added 
and  comprc&!icd  into  it,  it  does  not  add  to,  but  actually  takes 
from,  the  diamagnetic  force. 

AUnms  0xi<ie  appears  to  be  slightly  diam&snetic  in  rcbtioD  to 
carbonic  acid ;  but  nitric  oxide  gas  uas  iu  the  coutrory  relation 
and  pasted  towards  the  axial  Unc. 

Hence  it  seems  that  carbooic  acid,  though  more  diamagnctic 
ihau  uir,  is  uot  far  removed  from  it  in  that  respect ;  aud  thb 
pmition  it  prubalily  bulds  because  of  the  quantity  of  uxygeu  in 
it.  The  apparent  place  of  nitrous  oxide  clo^  to  it  appcnm,  in  a 
great  measure,  to  depend  on  the  eaioe  rircumstauue  of  oxygen 
entering  largely  iutu  its  composition.  Still  it  la  manifest  that 
tbc  action  ia  not  directly  &i  the  oxygen,  for  tbeu  coounon  air 
would  be  more  diamaguetic  than  either  of  tbem.  It  seems 
rather  that  the  forces  are  modiiied,  as  in  the  cases  also  of  iron 
ami  oxyi^cn,  and  that  eacli  compound  body  baa  its  peculiar  biit 
constant  intensity  of  action. 

In  order  to  make  simibir  exjK-rimcnts  in  light  gases,  the  two 
terminal  pieces  of  the  nia(;iiet  irere  raised,  so  that  tbey  might  be 
covered  by  a  French  glass  &badc,  which,  with  its  stand,  xaado  & 
TCry  good  chamber  about  them.  Tbc  pipe  to  supply  oud 
dange  the  gaseous  medium,  and  also  that  for  bringing  the  gas 
under  trial  as  a  stream  into  the  magnetic  field,  passed  through 
holes  made  in  the  bottom  of  the  stand.  The  different  gases  to 
be  compared  with  thoHC  employed  a*  malia,  were,  except  in  the 
eases  of  ammonia  and  chlorine,  mingled  with  a  trace  of  muriatic 
acid,  OS  before  deacribed.  The  gaseous  media  used  were  two, 
ooial<gas  and  hydrogen.  Whilst  using  coal-gas,  I  obttervcd  the 
dircetion  of  the  currents  of  tbe  other  gases  in  it  by  bringing  a 
little  piece  of  paper,  at  the  cud  of  a  wire  and  dipped  in  am- 
monia solution,  near  the  stream.  In  tbc  case  of  the  hydrogen, 
i  diffused  a  little  ammonia  through  tbe  whole  of  the  gas  in  the 
flrat  instance. 

Air  passed  towards  tbe  auol  line  in  co«l>g&s,  but  wu  uot 
much  affected. 
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0.nfgen  had  the  api>cariuicc  of  being'  atronglir  magnetic  in 
coal-gM,  passiug  with  ifrcat  impetiiority  to  the  mBgnctic  aria, 
and  clinging  aliout  it ;  and  if  much  muriate  of  Bnimoiiift  fome 
wen-  piirposeljr  formeil  at  the  tirap,  it  was  rarrietl  by  the  oxygen 
to  tbc  magnetic  field  with  Huch  force  as  to  hide  the  ends  of  the 
magnetic  poles.  If  then  the  miignctie  action  were  siupciided 
for  a  moment,  tliis  cloud  descended  by  its  gravity  ;  but  being 
quite  below  the  poles,  if  tlie  magiict  were  again  rendered  active, 
the  oxygen  eloud  immediately  Htarted  up  aud  took  ita  former 
place.  The  attraction  of  iron  liliugx  to  a  waguctic  pole  is  not 
more  striking  than  the  appearance  presented  by  the  oxygen 
under  these  circuraetancea. 

Nitrogen.— Clearly  diamognctic  in  conl-gas, 

Oiefianl,  carbonic  oxide,  and  carbonic  acid  gases  were  all 
slightly,  but  more  or  less  diamngnetic  in  the  coa]-ga8. 

On  aubitituting  hydrogen  as  the  surrounding  medium  in 
place  of  coal-gaii,  more  care  vfos  taken  in  the  experiments. 
Each  gas  experimented  upon  was  triod  in  it  twice  at  least; 
firet  in  the  hydrogen  of  a  previous  experiment,  and  then  in  a 
new  atmosphere  of  hydrogen. 

Air. — Air  passes  axially  in  hydrogen  when  there  is  very  little 
smoke  in  it :  when  there  is  much  smoke  in  the  stream  the  Ibttcr 
is  citlier  indifferent  or  tends  to  pass  cqaatorially.  1  believe  that 
air  and  hydrogen  cannot  be  far  from  each  other. 

Nifrogen  is  strikingly  diamsguetic  in  hydrogen. 

Oxygen  is  as  strikingly  magnetic  in  relation  to  hydrogen.  It 
prtacntcd  the  appearances  already  described  as  occurring  in  coal- 
gas  ;  hut  as  the  jet  delivered  the  tlcsccndiug  stream  of  oxygen  a 
little  on  one  side  of  the  axial  line,  its  centrifugal  power,  in  rela- 
tion to  tlic  axial  line,  was  so  balanced  by  the  centripetal  power 
produccdby  the  magnetic  action,  that  the  stream  at  first  revolved 
iu  a  regular  ring  round  the  axial  line,  and  producwl  a  cloud 
that  continncd  to  spin  round  it  as  lung  as  the  magnetic  force  was 
continued,  but  fell  down  to  the  bottom  of  the  chamber  wheu  that 
force  was  removed. 

2>iHroM  oxide. — This  gas  was  clearly  diamagnetic  in  the  hy- 
drogen, and  gave  rise  to  a  very  licautiful  result  in  oonsequence 
of  its  following  the  oxygen  ;  fur  at  the  beginning  of  the  cxperi* 
mcnt,  the  httle  oxygen  contained  in  the  conducting  tube  pasted 
asially ;  hut  the  instant  that  was  expelled,  and  the  nitrous  oxide 
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issued  forlb,  llie  streitm  cliangt^d  its  direction,  and  passed  off 
diamagDctically  in  the  mo»t  striking  manner. 

Nitric  ojrirfe-.— Tbia  goa  poasi^  mially  in  hydrogen,  and  there- 
fore is  magnetic  in  relation  to  it. 

Ammonia. — Diatnngiietlc  in  hrdtx)g«n. 

Carbonic  oxide,  carbonic  acid,  and  otejiant  gasa  were  diumaif* 
iietic  in  liydrogen  ;  tlic  last  most  so,  aud  the  carbonic  ndd  ap- 
parently tlic  least. 

Clihrint  was  slightly  diamaguctic  ia  hydrogen.  It  wa» 
dearly  so;  but  the  cloud}*  particles  might  conduce  much  to 
the  small  effect  produced. 

Muriatic  acid  gas. — I  think  it  was  a  little  diainagnetic  in  the 
hydrogen. 

Notvrithslftndiiig  the  many  disturbing  causes  which  interfere 
with  firat  and  haaty  experiments  of  this  kind,  and  produce  rc- 
mlts  which  occasionally  cross  ami  contradict  each  other,  still 
there  aresorae  very  striking  cousidcrations  which  arise  in  coai> 
paring  the  gases  with  (.•ach  other  at  thr  boiuc  tcmpiiraturc. 
foremost  umougst  these  is  the  place  of  oxygen  ;  for  of  all  the 
gaseous  bodies  yet  tried  it  id  the  lea&t  diamngnetic,  and  wems  in 
this  respect  to  stand  far  apart  from  the  rest  of  thoin.  The  con- 
ditiun  of  nitrogen,  as  being  highly  dianiagnctic,  is  also  impoi'taQt. 
The  place  of  hydrogen,  us  being  less  diamaguctic  ihau  nitrogen, 
and  of  chlorine,  which,  inatejid  of  approiiching  to  oxygen,  is 
above  hydrogeu,  aud  also  of  iodiuc,  which  is  probably  for  above 
chloiTJie,  are  marked  eireuiuslnnce?. 

Air  of  courfo  o<^cs^  its  place  to  the  profiortion  and  the  iodivi- 
duul  diaraagiielic  character  of  the  oxygen  and  nitrogen  in  it. 
The  great  diffcrcm-e  existing  between  these  two  bodies  in  re- 
spect of  magnetic  relation,  and  the  striking  cflcct  presented  by 
oxvgen  in  cotd-gns  mid  hydragcu,  liudics  not  far  remored  from 
nitrogen  in  diamaguvlie  force,  utudc  uic  Ibiuk  it  might  not  be 
impossible  to  wparatc  air  into  its  two  chief  conatitucut))  by 
maguctic  force  alone.  1  made  an  experiment  for  this  purpose, 
but  did  not  succeed  ;  but  1  am  not  convinced  that  it  caiuiot  be 
done.  For  since  we  can  aettially  (Uslinguish  certain  ga«cj),  and 
eapccialiy  tbcac  two  by  their  magnetic  properties,  it  doe^  not 
seem  imjKwsihlc  that  sufiieiBnt  pitwer  might  cause  their  sepa- 
ration from  a  state  of  mixture. 
lu  the  course  of  these  cxperimeutt  I  subjected  several  uE  the 
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gsacs  to  heat,  to  ascertain  whether  they  generally  underwent  the 
some  Qialtation  of  their  diamagnctir  powL-r  which  occured  with 
commonair  (285-1-.).  For  this  purpose  ohclixofplatma  wire  was 
placed  in  the  mouth  ofthc  delivering  tube,  which  itself  iraa  placed 
helow  the  inaguctic  axis  hetweeu  the  poles.  The  helix  coiUd  be 
rauied  to  any  temperature  by  a  little  roltaic  battery,  and  any  gsa 
could  he  sent  throug^h  it  and  iipwardH  across  the  ma^ctic  field 
by  mcajxs  of  the  Woulf'e  bottle  apparatus  already  described.  It 
was  caay  to  ascertain  whether  the  gas  went  directly  n|>  betvrwn 
the  polcti,  or,  when  the  magnet  was  active, left  thatdircetion  and 
formed  two  equatorial  side-streams,  cither  by  the  xeuiiatioQ  ou 
the  fliij;er,  or  by  a  tlicrmoscope  formed  of  a  spiral  compound 
lamina  of  platinum  uud  silver  placed  iu  a  tube  above.  In  every 
cue  the  hot  gas  was  diamagnetic  ui  the  air,  and  I  think  far  more 
HO  than  if  the  gas  had  been  at  common  tcuiiw-'ratures.  The 
gasc* tried  were  as  follows  :  oxygen,  nitrogen,  hvdrugeu,  nitrous 
oxide,  carbonic  acid,  intirlatic  acid,  MDmonia,  ronKgas,  ole- 
fiant  gas. 

Hut  as  in  these  evpcrlmcuts  the  surrounding  air  would,  of 
necessity,  mingle  with  the  gas  first  heated,  nnd  «o  form,  in  fact, 
a  part  of  the  heated  stream,  I  arranged  the  platinum  helii  so 
that  I  could  heat  it  iu  a  given  gas,  and  thus  compare  the  some 
gas  at  different  temperatures  with  itself. 

A  stream  of  hot  osygcn  in  cold  osygcn  was  powerfully  dia- 
magnetic.  The  effect  and  ila'dcgrec  may  be  judged  of  by  the 
following  circumstances.  When  the  platiniim  helix  Ix-low  the 
axial  line  was  ignited,  the  effect  of  heat  on  t)ie  itidicating  com- 
pound spiral,  placed  iu  a  tube  over  the  axial  line,  was  such  a» 
to  cause  ita  lower  extremity  to  pass  thmuj^h  one  and  a  half  re- 
volutions, or  S'lO'^  nhcu  the  magnetic  force  was  rendered  active, 
the  spiral  returned  through  all  these  degrees  to  its  first  position, 
as  if  the  ignited  helix  helow  had  been  lowered  to  the  common 
temperature  or  taken  away;  and  yet  in  respect  of  it,  nothing 
had  been  changed.  Ou  rendering  the  magnet  inactive,  the  cur- 
rent of  hot  o^jgcn  inKtnntly  n^t^umcd  its  perpcndicuhir  course 
and  aii'octed  the  thcrmoacopc  as  before. 

On  experimenting  with  carbonic  acid,  it  was  found  that  hot 
carbonic  acid  was  dinmngnetic  to  cold  earbonic  acid;  and  the 
ctFccts  were  apiKimitly  ax  great  in  amount  as  in  oxygen. 

On  making  the  same  arrangement  in  liydrugcii,  I  failed  to 
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o))tnin  aiiv  result  rcgardiiig  the  relation  of  the  liot  tuid  rold  gas, 
for  tbi»  rcMOu : — that  I  could  ool,  in  any  case,  cither  with  or 
vithoat  the  maguctic  actioD^  obtain  any  gigns  of  hcAt  on  the 
tliRTOioBCopic  HpiraJ  above,  even  when  the  iilatinum  helis,  not 
more  than  an  inch  betow  it,  was  nearly  white  hot.  This  cftect 
is,  I  think,  greatly  dejKndcni  upon  the  rapidity  with  which  hy- 
dn>sou  is  hcati-d  aiid  cooled  in  comparison  with  other  gases^  and 
also  upon  the  vicinity  of  the  cold  mftsscs  of  iron  forming  the 
magnetic  poles,  between  which  the  hot  gas  has  to  pass  in  its  way 
upwards;  and  it  ia  rotwt  probably  connectc^l  with  the  fact  oh- 
served  by  Mr.  Urovc  of  the  difHculty  of  igniting  a  platiniun  wira 
in  hydrogen. 

When  the  igniting  helix  was  placed  in  coal-gas,  it  was  foaud 
that  the  hot  gas  was  diamagnctic  to  that  which  was  cold ;  as 
in  uU  the  other  ciuca.  Here,  again,  an  effect  like  that  which 
was  observed  iu  hydrogen  occurred ;  for  when  there  was  no  niae- 
iietic  action,  the  ascending  stream  of  hot  roal-gas  could  cause 
the  thei-moscopic  spiral  to  rcTolvc  through  only  280"  or  300°, 
in  place  of  above  540° ;  through  which  it  could  pass  when  the 
Burronnditig  gas  nas  oxygen,  air,  or  cnrbouic  acid ;  and  that  even 
■mhea.  the  helix  was  at  a  higher  temperature  in  the  coal<gas  than 
in  any  of  these  gaseit. 

The  proof  18  clear  then  that  oxygen,  carbonic  acid,  and  eoaU 
gae,  arc  more  diamagnctic  hot  than  cold.  The  same  is  the  cose 
with  air;  and  aanimmaists  offour'fiftha  nitrogen  and  only  one- 
fifth  oxygen,  and  yet  shona  an  eScct  of  this  kind  as  strongly 
as  oxygen,  it  is  manifest  that  nitrogen  al.^o  has  the  same  relation 
when  hot  and  eold. 

Of  the  other  gases  also  I  hare  no  doubt ;  though  to  be  quite 
certain,  they  ought  to  be  tried  in  atmos^crcs  of  their  own  Kub- 
■tancc  (2H54),orelseiugase6inorediamagneticat  common  tem- 
pcmtui-cs  than  they.  The  olefiant  and  cooJ-gascs  iu  air  eueily  bore 
the  elevation  of  the  helix  to  a  full  red  heat,  without  inflaming 
when  out  of  the  exit-tube:  the  hydrogen  rcijuired  that  the  helix 
should  he  at  a  lower  temperature.  Muriatic  acid  and  ammonia 
shuwed  the  division  of  the  one  stream  into  two,  very  beautifully, 
on  holding  blue  and  rod  litmus  paper  above. 

There  is  another  mode  of  observing  the  dtamagnctie  condition 
of  flame,  and  csperimonting  with  the  various  gases,  wliich  is 
Bometimes  useful^  and  should  always  be  understood,  lest  it  inad- 
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vcrtcBtlT  might  Ipad  to  eonfiwioii,  I  have  a  pair  of  termiuul 
mngnetic  pole!t  which  arc  pierced  in  a  liorizoutAl  direction,  that 
B  rsy  of  light  may  nass  through  them.  Tlie  opposed  faces  of 
thwc  vertical  poles  arc  not,  aa  in  the  former  case,  the  rouaded 
ciids  of  conc3 ;  hut,  though  rounded  ut  the  edges,  may  be  cou- 
!)idcrccl  as  flat  over  an  extent  of  surface  an  inch  in  diameter.  The 
pierced  passages  are  in  the  form  of  cone»,  the  truncation  of 
which  in  this  flat  surface  va  rather  more  than  half  an  inch  india* 
meter.  When  these  pole«  were  in  their  (ilaec,  and  from  0'3 
to  0"4  of  an  inch  apart,  a  taper  flame,  bnraiag  freely  hctwcen 
them,  wa»  for  a  few  moments  unaifectcd  by  throwing  tlic  mag< 
net  into  BCtiou  ;  but  then  it  suddenly  changed  its  form,  and  ex- 
tending itself  axially,  threw  ofl*  two  boriEontal  totigum,  which 
entered  the  passngca  iu  the  poles;  aiid  thus  it  continued  as  long 
as  the  magnetasm  continaral,  and  no  part  of  it  passed  equa> 
tonally. 

On  using  a  large  flame  made  with  the  cotton  hall  and  sether, 
two  arms  coulil  be  thrown  off  from  the  flame  by  the  force  of  the 
magnetism,  which  passed  iu  nii  equatorial  direction,  ns  before ; 
and  other  two  parts  entered  the  paasa^s  in  the  magnetic  poles, 
anil  actually  issued  out  occasionally  at  their  further  eitrcmities. 

When  the  poles  were  alwut  0-25  of  an  inch  apart,  and  the 
amokiug  taper  was  placed  in  the  middle  between  them  level  with 
the  ofintrca  of  the  passagcst,  the  effect  was  very  good  ;  for  the 
smoke  passed  axially  and  issued  out  nt  the  fiurther  ends  of  the 
pole  passages. 

Coal-gaa  tlclivercd  in  the  same  plocc  also  passed  axtatly,  i.e. 
into  the  ix>lc  imasages  and  parallel  to  the  line  joining  tlicm. 

A  little  consideration  easily  le&do  to  the  tnie  cause  of  these 
effects,  and  shows  that  they  ure  not  inconsistent  icith  the  former 
results.  The  law  of  all  these  actions  is,  that  if  a  particle,  placed 
amongst  other  particles,  be  more  diamagnetic  (or  less  magnetic) 
thou  they,  and  free  to  more,  it  will  go  from  strong  to  weaker 
places  of  magnetic  action  j  also,  that  particles  less  diamagnctic 
will  go  from  weaker  to  stronger  places  of  action.  Now  with  the 
poles  just  described,  the  line  or  lines  of  maximum  force  are  not 
coincident  with  the  axis  of  the  holes  pierced  in  the  poles,  but  lie 
in  a  circle  having  a  diameter,  prohably,  a  little  lai^cr  than  the 
diameter  of  the  holes ;  nnd  the  lines  within  that  circle  will  be  of 
Inser  power,  dimiDishing  in  force  towards  the  centre.    A  hot 
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particle  tlicrcForc  within  thnt  circle  vill  be  drircn  iDwards,  nnd 
\mng  urged  by  succcsuvc  portions  of  matterdriveii  also  inwards^ 
will  fiiul  its  wny  out  at  thp  other  ends  of  the  pnsuigcs,  and  there- 
fore neem  tu  go  in  an  axial  direction ;  nhilst  a  Iiot  jjarticlc  ont»idc 
of  that  circle  of  liuo  of  maximum  force  will  be  driven  outwards, 
and  so,  with  otiiets,  will  form  Hie  two  toogues  of  flanic  wliieh 
paas  oft"  in  tlic  equatorial  direction.  By  bringing  the  glowing 
taper  to  diOercnt  partx,  the  circle  of  lines  of  maximuDi  tnagtictic 
iotcosity  caJi  tic  very  beautifully  traced ;  and  by  placing  the  bqier 
inside  or  nutMiIc  of  that  circle,  the  smoke  could  be  made  to  pam 
aiially  or  ctinutorially  at  pleasure. 

I  arranged  an  apparatus  on  this  principle  for  trying  the  goecs, 
bat  did  not  Hod  it  better  than,  or  so  good  as,  the  one  I  bava 
described. 

Such  are  the  rcBuIta  I  harcabtained  in  Tcrifying  and  extending 
t}ic  discovery  made  by  P.  Bajicalari.  I  would  bavc  pursued 
tliciu  much  fnrllicr,  but  my  prcscut  sUitc  uf  health  ivitl  not  per- 
mit it;  I  therefore  send  them  to  you  vvith^  probuhlr,  many  imper- 
fections. It  is  now  almost  proTcd  that  many  gaseous  bodies  are 
diainagtietie  in  their  relations,  aud  probably  ull  will  be  found  to 
be  ao.  I  say  almost  proved ;  for  it  is  not,  as  yet,  proved  in'faet. 
That  many,  and  most,  gascoiis  bodies  are  subject  to  magnetic 
force  is  proved ;  but  Ihe  zero  is  not  yet  disriuguisbcd.  Now, 
until  it  is  distinguished,  we  cannot  tell  v}iich  go^Cous  bodies  will 
rank  as  diam&gnetic  and  wluch  as  magnetic;  aud  also,  whether 
there  may  not  he  some  Htnndiug  at  zero.  There  Is  evidently  no 
natural  impopsihilily  to  some  gases  or  vapours  being  magnetic, 
or  that  some  sliould  tte  ncitlirr  magnetic  nor  dinmagnetic.  It  ts 
the  province  of  cxirerimcnt  to  decide  such  iH>ints;  and  thcoffinu- 
ativc  or  negative  may  not  be  asserted  before  aucb  proof  is  given, 
though  it  may,  verj-  philosophically,  be  believed. 

For  myself  I  have  always  believed  that  the  xero  was  repre- 
sented by  a  vacuum,  and  that  no  body  really  stood  with  it.  But 
though  1  have  only  guarded  myself  irom  asserting  more  than 
1  knew,  Zantcdesehi  (and  I  think  also  De  la  Rive),  with  some 
othcn,  seem  to  think  tbat  1  hnvc  a.-4sertcd  the  gasee  arc  not  sub- 
ject to  magnetic  action;  whereas  I  only  wished  to  say  that  I 
could  not  find  that  they  were,  and  perhaps  were  not:  I  will 
therefore  <]Uote  a  few  of  my  words  from  the  Kxperiniental  Rc- 
eeai-ches.     Speaking  of  the  |)rv|taratioa  of  a  hijuid  medium  at 
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zero,  I  saj,  "Thus  ayimd  medium  was  obtAined,  vbicli  practi- 
cally, as  &r  OS  1  could  pcrccirc,  liad  every  magnetic  character 
nnd  eirpct  of  a  gas,  atid  even  of  a  vacuum,  &c." — E][[)crimcntal 
Itesearches,  3423.  Again,  at(24d3.)  I  saj-,  "At  one  time  I  looked 
to  air  and  gasca  as  tbc  bodica  vhicb,  allowing  attenuation  of 
Ibcir  Bubstaiice  witliout  addition,  would  permit  of  tbc  obncr- 
vatiou  of  corresponding  tnriations  In  their  maf;uetic  proper- 
ties, but  uow  alt  suc-h  povcr  by  rarefaction  uppears  to  be  taken 
away."  And  further  down  at  (2433.),  "  Whether  Ite  negative 
results  obtained  by  tbe  use  of  ga«c3  and  rapours  depend  upon 
tbc  amalier  qvantitif  of  matter  in  a  given  roluruc,  or  whether 
they  arc  the  direct  consequences  of  the  altered  pltysical  condition 
of  the  substance,  is  a  point  of  very  great  importance  to  the 
theory  of  magnetism.  T  have  imagined  in  t^lueidntion  of  the 
subject  an  esiicriiuent,  &c.,  but  expect  to  find  great  diffi- 
culty in  carrying  it  into  execution,  S:c."  Happily  V.  Buuoilari'a 
discovery  has  now  settled  this  matter  for  us  in  a  most  satiafac- 
tory  manner.  JJut  where  tbe  true  aero  is,  or  thai  every  body  is 
more  or  les--'  removed  from  it  on  one  side  or  the  other,  is  not,  an 
yctj  experimentally  sbnwn  or  proved. 

I  cannot  conclude  thin  letter  vrithout  expressing  a  hope  that 
since  gases  are  shown  to  be  magnetically  aficctcd,  they  will  also 
shortly  be  found,  when  under  magnetic  inlhience,  to  have  the 
power  of  affecting  light  (Ksperimental  Re8c>arche5,21S0.  2'i\2.). 
Neither  can  I  refrain  from  signaliziug  the  very  remarkable 
and  direct  relation  between  the  forces  of  heat  and  muguctisra 
which  is  presented  in  the  experiments  on  Same,  and  hrated  nir 
and  gases.  I  did  not  find  on  a  former  occasion  {Experimental 
RcBcarehes,  2397.)  that  solid  dinmagnetie  bodies  were  sensibly 
affected  by  heat,  but  shall  repeat  the  experiments  and  make  more 
extensive  ones,  if  tbc  Iluliun  philosophers  have  not  already  done 
80.  Id  reference  to  tbc  effect  upon  fbo  diamaguctic  gases,  it 
may  be  observed,  that,  speaking  generally^  it  is  in  the  same  di- 
rection as  that  of  heat  upon  iron,  nickel  and  cobalt;  i.e.  beat 
tends  in  the  two  sets  of  cases,  cither  to  the  diminution  of  mag- 
netic force,  or  the  increase  of  diamagnctic  force  ;  but  the  results 
arc  too  few  to  allow  of  any  general  conclusion  as  yet. 

As  air  at  diflVrent  temperatures  has  dift'crenl  diamagnctic  rc- 
latiuus,  ami  as  tlic  atmosphere  is  at  different  temperatures  in  tbc 
upper  and  lower  strata^  such  conditions  may  Lave  some  geuerat 


inflnencc  and  effect  upon  its  final  motion  and  action,  subject  ae 
it  n  continually  to  the  magnetic  influence  of  tlie  earth. 

I  have  for  tlic  suke  of  brevity  frcqucotlj  epokcti  iu  tliis  letter 
of  bodies  as  being  magnetic  or  tlinmaguctic  in  relation  one  to 
another,  but  1  tnisc  tlutt  in  all  tlic  ca«Qs  no  mittakc  of  mj 
meaning  could  arise  from  such  one  of  the  tennit,  or  any  vague 
notion  arinc  respecting  the  clear  distinction  between  the  two 
classes,  especially  as  my  ricw  of  the  true  zero  has  been  givtn 
(ttJy  a  page  or  two  back. 

I  am,  my  dear  Sir, 

Yoiirft,  &e., 
Richord  Tat/lor,  E$q.,  "Si.  Fakaday. 

Sd.  Phil.  Mag.,  Ifc.  IfC. 


Oh  the  Motions  presented  bif  FUme  when  under  the  Bieetro. 
moffnetie  Infinence.     By  Prof.  Zantzdbschi. 

Tub  most  eminent  philosophers  have  at  alt  times  maiutained 
the  universality  of  the  niaguetism  of  bodies ' ;  and  iu  our  dars 
Faraday  la  the  only  one  who  ha*  pUccd  the  cx^raiiisible  fluids  at 
the  scru  of  the  scale  of  action  among  magnetic  and  diamaguctic 
bodies.  Ou  the  Slst  of  September  18-17,  at  the  Physical  Section 
of  the  Ninth  Italian  Scientific  Congress  in  Venice,  Padre  Dan- 
colari.  Professor  of  Physics  iu  the  Royal  Univewity  of  Geuoa, 
rend  a  memoir  on  the  universality  of  maguetiam  ;  and  the  argu- 
ment was  conaidered  by  philosophers  to  be  of  such  importance^ 
that  a  desire  arose  to  vori^  chiefly  the  actiou  of  magnetism  on 
expansible  fluids.  It  was  anaouncetl  by  the  llefiorter  Belli  at 
the  silting  of  the  37th  of  September,  that  it  had  been  proved  in 
the  presence  of  various  philosophers  that,  on  the  interposition 
of  a  flame  Iwtween  the  two  pole*  of  an  electro-raognet,  it  was  re- 
pulsed at  tliL  instant  tlic  electric  current  was  closed,  to  return  to 
the  first  position  tlic  instant  it  was  broken.  This  discoreiy  re- 
ceived well-merited  applause  in  the  sitting  of  the  28th  of  Sep- 
tember, from  the  General  Secretary  and  the  Secretary  of  the 
Section  of  Physics.  A  wish  was  expressed  by  some  to  witness 
the  experiment  of  Bancalari;  and  a  DanicH's  apparatus  having 
been  got  ready,  often  elements  cighlcca  centimeters  each  in  di. 
mcnsioHj  I  endeavoured  to  repeat  the  experiment  iu  the  Cabinet 
'  ibMtcAa/VKC«-CAiWM  AiiIi(ina,t.iii.DeicoTplaiaga«tidvdiaaiagnctid, 
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of  Physics  of  the  Koyal  Imperial  Lyceum  of  Venioe ;  but  I  did 
not  diuicc  to  ficc  the  oMcrtcd  phmnomcuoa.    My  teiuponurr 

magnet  had  the  power  of  eustaining  above -i8  ktl(igrm<i.  wt^ifcht ; 
hut  as  my  principle  in,  that  a  negatiTe  argumcitt  ucvcr  (k-Btroys 
a  poaitirc  one,  I  for  my  furtbor  iuformntion  rcqucated  the  ma^ 
cliiuist  Cobrcs  to  ffivc  me  the  partieulurs  of  the  iipparatu't ;  Belli 
not  haviuK   treated  of  these  in  Lis  report,   and    tlicy  hawuR 
e3ea[)ed  Prof.  Zamhra,  the  Secretary  of  the  Section.     I  knew  that 
the  two  pieces  of  Boft  iron,  which  eou8titut<?d  the  interrupted 
anchor,  were  perforated  in  the  aual  direction.    1  susjiected  that 
the  repulsion  of  the  flame  vras  not  the  immediate  effect  of  the 
maguetiam,  but  of  tvo  currents  of  air  issuing  from  tlic  apertures 
of  the  perforated  keeper  generated  by  a  vorticose  movement 
produced  by  the  magnetism,  as  the  cclebraced  Faraday  had  ob- 
served in  liquids' ;  and  I  wax  confirmed  in  this  suspicion  by  the 
negative  ex(>crimcnt  which  I  had  instituted  in  Venice  with  Boltd 
pieces.    On  arriving  in  Turin,  1  commuoicatcd  my  doubts  to 
the  vc]l-knovn  meohanicianR  Jest,  father  and  son,  vho  to  their 
profensional  ability  unite  a  rare  courtesy.     They  soon  furnished 
me  in  their  laborator}'  with  a  Bunacn^s  apparatus,  and  comtmcted 
terminal  pieces  of  soft  iron  forming  the  interrupted  anchor,  both 
!K)lid  and  pierced,  of  n  parotlclopipedon  and  c^-hndric  form,  as  I 
pointed  out  to  them  ;  and  I  have  repeated  the  experiments  in 
their  company  :  the  temporar}'  magnet,  made  in  the  shape  of  a 
horseshoe,  was  formed  of  a  cylinder  of  soft  iron  of  the  length  of 
O^-ftSSand  the  diameter  ofO"-015;  and  iu  electro-magnetic  spiral 
was  formed  of  n  copper  wire  33"  long,  and  of  u  diameter  of  a  milli- 
meter and  a  third ;  the  internal  distance  of  the  poles  was  0'"-027 ; 
the  two  aolid  parallclopipcdon  contacts,  forming  the  interrupted 
anchor,  wcrc0°-04  long  j  and  of  the  sides  O'-'Ol  1  and  O^-UOe:  and 
the  hoUoir  terminal  pieces  were  0"'035  long ;  and  of  the  side 
0*009.     They  were  pluctti  at  adislanrc  from  one  another  of  four 
to  fire  millimeter*,  the  mftgnct  iK-ing  kept  in  a  vertical  position 
with  the  poles  turned  upwards.     In  front  of  the  interval  of  the 
separation  of  the  contact  pieces  was  placed  the  flame  of  a  fimall 
eandlCfOr  uf  a  little  oil  or  alcohol  lamp,  so  that  it  stirmonntcdwith 
it«  top  by  nearly  a  fourth  the  thickness  of  the  contacts,     llie 
electric  circuit  was  closed  by  copper  wire*,atid  the  metallic  unions 

*  SatcMit,  dtod  Above,  t  ii.    Reludono  ddll' influoosadeUe  tan6 cletlzich* 
«  aagsieticlte  tmUa  law  «d  U  cslorico. 
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vcrc  muntajaed  botli  at  tbc  nugnetic  pole*  mad  at  those  of  the 
|nle  bjr  cknpi :  one  of  tbc  wim  therefore  vas  divided  into  two 
equal  part*,  and  the  ends  hang  dipped  into  a  tumbler  of  rocrciMT, 
allowed  the  doan^  and  opening  of  the  circtiit  at  plcaeare. 

/  Aorr  conjtantlf  KtAt^red  repuUum  in  tHe  ad  of  doting  Ihe 
eirde,  mfuch  tasUd  the  wkote  time  that  lie  magnetism  tpOM  ktjit 
up;  and,  whea  ht  the  oet  of  opening  the  circle.  I  taw  the  fiame 
return  to  it$  primitive  petition.  WcU  satisfied  with  haring  in 
ih'it  muiDcr  coafimied  this  important  fact  wbicb  reSecbt  honour 
iu  difcoverer,  I  applied  myself  to  the  study  of  the  pbKno- 
menon,  and  I  found — 

I.  Tbi/  /Aic  happent  unth  centadi  of  loth  solid  and  hotlow 
Mfl  iron  i  whereupon  I  abandoned  my  eiupicion  that  the  move 
iDCiit  oftheflnmc  wMiittribiitablctociirrcatsofair;  I  cxjnviijfed 
myiiclf  thnt  it  wss  an  immediate  actiun  of  the  tDaj^ctiaoa  upon 
the  flame, — a  fact  of  tbc  ^rcatcat  importance  to  wdcnce. 

II.  That  the  repuhion,  when  it  Im  quite  distinct  and  Ihejlawe 
ilc  pure,  and  terminated  in  a  well-shaped  top,  ia  accompanied 

depreition  :  rcpuliion  and  dcprcsiion  are  simultaneously  ob> 
nerved  at  the  closing  of  tbc  circle;  the  return  of  the  flame  and 
wing  of  the  Batnc,  at  the  opening  of  the  circle. 

III.  Tlfttf/,  ceteris  paribus,  the  grealnt  effed  takea place  tehea 
iht  fiame  h  tovchiat}  the  convex  of  the  magnetic  curvet  indicated 
by  iron  fitinyn. 

r    rV.  7'hal  the  action  i*  nuU,  or  almoat  nult,  tehen  the  /lame  it 
placed  in  the  centre  of  the  interval  tokieh  aeparatea  the  two  con- 

adt. 

y.  That  in  the  tnan^fetldion  of  the  ejfedt  stated  above,  it  it 
not  nectstary  for  the  contactt  to  be  entirely  separated  :  they  may 
be  placnl  at  nn  angle  anil  touch  at  two  corners  :  the  flame  placed 
lirithin  tlic  base  of  tbia  triangle,  generally  manifests  the  two 
phajnotnetin  iiidieotcd. 

VI.  That  there  it  a  certain  mass  tf  the  contadt  [or  keeper 
piect^s)  which  if  the  most  r^eaciout :  beyond  a  limit,  ichich  can 
be  fhoufn  btj  e.rperimenl,  incrrase  of  the  ma9t  causet  a  diminution 
0/  M«  i^rd ;  from  this  1  fmind  tbc  cause  of  my  negatirc  rc- 
■ulta,  which  1  ubtaiucd  in  Venice  in  the  first  csix>rimciits  that  I 
mnde. 

VII.  That  the  movements  of  the  flume  incrrase  raith  the  number 
€f  the  pain  {of  battery  plales).     li'ith  one  pair  Ihc  effect  wnt 
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not  perceptitU  to  me  ' ;  with  two  pairs  the  movemcntt  began  to 
show  tlitmselvet ;  with  three  pairs  Ihey  became  distinct,  and  in- 
creased with  the  increate  of  the  number  of  pairs  up  to  ten,  which 
was  the  yreatesl  (hat  I  employed  in  this  experiment.  The  pairs 
vere  of  the  knoien  ordinary  size* 

On  tlic  repetition  of  the  phenomena  as  aliovc  HUfcil,  ihc  prc- 
oautioii  was  taken  to  cover  the  apparatus  with  a  bell,  uhicli  wan 
open  above  and  supported  by  two  dines  below,  whieb  left  a  free 
access  to  the  air,  by  which  to  support  the  combustJou  :  iu  thin 
manner  all  agitation  and  daugcr  of  disturbance  under  tlie  cir- 
cuiQstancca  were  avoided. 

1  must  not  forget,  in  concluding  tbia  article,  to  state  that  the 
celebrated  Vrof.  Gnxstnnign,  gtnrtlng  from  liis  numerous  experi- 
ments, which  demonstrate  the  influence  of  magnetism  upon  the 
same  aeriform  fluids,  in  a  manner  therefore  different  from  that 
of  Baiieulari,  WU5  induced  tu  consider  the  suu  and  all  the  otlicr 
cclcntial  bodies  are  so  many  euonuous  magnets;  by  which  lie 
established  that  attraction  is  merely  an  effect  of  thcmaj^netismof 
the  great  eele$.tial  masses  jilaccd  nt  an  caortiious  distance, — an 
idea  which  reappeared  iu  184<j  iu  Prussia,  and  in  1847  iu  France, 
as  we  see  from  the  Cvisiptes  Rendm  of  the  Royal  Academy  of 
Sciences  at  Paris.  Tlie  mystery  that  attraction  operates  at  a 
distance  without  Jntcnncdia  would  be  removed  in  this  ease,  and 
the  plirenomcna  of  attraction  would  enter  again  into  the  class  of 
those  of  commou  dynamics. 

Dttlla  Qasz.  Piem., 
Oct.  12,  1847,  No.  242. 

'  Henm.  Jeal  prepaivd  lor  no  Iset  vvcaing  na  clrclronuignet  ot  ncircdar 
f orm inteTTUptwl  bj'aprimunllcM'ctiunliariiig&niuUMviilof  two [iLUIiiiii.<i«n; 
ntid  I  hod,  without  nood  uf  cootorL  pii^ci'Ji,  tiui  [thfttiomeiiA  dixtinct  M'ith  n 
pillule  clc'tQcnt.  Tin:  uiiint  nuiiAfitciiuiu  uovoiueutshore  appeared  in  (li«  j^ntt-r 
proximity  of  the  flntne  [o  the  section. 

Tho  eomptetfc  hpporAtus,  of  a  dreular  fonn,furDi8hi?d  with  n  prlMS  hell  with 
its  occMBorief,  ia  iold  in  Tiuiii  iy  Mcmd.  Jnt|  »t  tlie  pricv  o!  tliirty  IxouUj 
tii)t  including'  the  elecUo-niatoT. 
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On  Me  Vet  of  Gnlla  Percka  in  Electrical  lasuhtiun'. 

My  DBAR  PniLura. 
I  HAVE  lately  fouiul  gijtta  jierclia  vt'ry  useful  in  electrical  ex-' 
jjeriments ;  aud  ihtTc-fore,  tbut  otUen!  may  take  adrautaj-e  of  iu 
properties  if  tliey  liave  occasion  or  are  so  incliDcd,  give  yoa  t)iia 
Dottcc  For  insertion  in  the  Fliilosophicn)  Afagaziae.  Its  use  de- 
pcutLs  upon  the  liigh  insulating  power  which  it  poasMsM  under 
ordinary  couditions,  and  the  manner  iu  which  it  lipsps  this  power 
iu  states  of  the  atmosphere  which  make  the  surface  of  glass  a 
good  conductor.  AM  gutta  prrcha  is  not  howcTer  equally  good 
as  it  nnmes  from  the  maimfaetan-r'a  hands ;  but  it  docs  not  neeni 
dilBiTult  ta  hrinft  it  into  the  bciit  state :  I  will  describe  the 
qualities  of  a  pmper  specimen,  aud  refer  to  the  diAercnccs  aftcr- 
wanls.  A  gooil  piece  of  gutta  perch  will  insulate  as  well  an  an 
equal  piece  of  shell-lac,  whether  it  be  iu  the  form  of  alieet,  or 
rud,  or  filament;  hiit  being  tongh  and  flexihle  when  cold,  as 
well  as  soft  when  hot,  it  will  serve  better  than  shell-lac  in  many 
cases  where  the  brittlcness  of  the  latter  is  an  iuconvcnicncc. 
Thus  it  makes  very  good  liandlea  for  cnmcrs  of  electricity  in 
experiments  on  indoction,  not  being  liable  to  fracture  :  in  the 
form  of  thin  hand  or  string  it  makes  nn  excellent  insulating 
suspender  :  a  piece  of  it  in  sheet  makes  a  most  cnnTcnicnt  insu- 
lating basis  for  nnjrthing  placed  on  it.  It  forms  excellent  insu- 
lating plugs  for  the  stems  of  gold-leafed  electrometers  when  they 
plus  through  sheltering  tubes,  and  larger  plugs  supply  good 
insulating  feet  rorextcni]K>ran,TlfCiricnIarrangrmrntM  :  cylinders 
of  it  half  an  iuch  or  mure  iu  diameter  liavi;  ^rcvX  stilfuesd,  and 
form  eiccUent  insulating  pillars.  In  these  ami  in  many  other 
ways  its  power  as  an  insulator  may  be  useful. 

Because  of  its  good  insulation  it  is  also  an  excellent  substance 
for  the  excitement  of  negative  electricity.  It  is  hardly  possible 
to  take  one  of  the  soles  sold  by  the  shoomaken  out  of  pajier  or 
into  the  hand,  without  exciting,  it  to  nach  a  degree  as  to  open 
the  leaves  of  an  electrometer  one  or  more  inches ;  or  if  it  be 
unelcctrificd,  the  slightest  passage  over  the  hand  or  face,  the 
clothes,  nr  almost  any  other  HulKitanec  gives  it  an  electric  state. 
Some  of  the  gutta  perclia  is  sold  in  very  thin  sheets,  resembling 

>  rhUoMphiosl  Mab-a£iii(>,  Much  ItMS,  sxx^  160. 
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in  goncr&l  appearance  oiled  silk  ;  und  if  n  strip  of  this  Iw  drawn 
through  the  fingers,  it  is  ho  electric  an  to  adhf^re  to  the  hand  or 
attract  pieces  of  paper.  Tim  appparanoc  is  such  tw  to  suggest 
the  making  a  thicker  sheet  of  the  Bubstaocc  into  a  plate  electrical 
machine  for  the  production  of  negative  electricity. 

Then.  a»  to  inductive  action  throufth  the  siibatanoe,  a  sheet  of 
it  Ls  Boon  convcrtefi  into  nn  exeellent  tlcclrophonis ;  or  it  may 
be  coated  and  used  in  plaee  of  a  Leydcn  jar;  or  in  any  of  the 
many  otlier  forms  ot  apparatus  dependent  ou  inductive  action. 

I  have  Boid  that  all  guttu  perclia  i»  not  in  thi»  good  electrical 
condition.    With  respect  to  that  which  is  not  so  (and  which  has 
constituted  about  onu-hulf  of  that  whiehj  being  obtained  at  the 
shops,  has  passed  through  my  hands),  it  has  either  discharged 
an  electrometer  na  a  piece  of  paper  or  wood  would  do,  or  tt 
baa  made  it  collapse  greatly  by  touching,  yet  has  on  itsrcnioral 
been  followed  by  a  full  opening  of  the  leaves  again :  the  latter 
effect  1  have  tjccn  able  to  trace  and  refer  to  a  conducting  portion 
within  the  ma^s  covered  by  a  thin  external  non-conducting  coat. 
When  a  piece  which  Ituulates  well  i.s  cut,  the  snrfacc  exposed 
has  a  resinous  lustre  und  u  compact  character  that  is  rcry  di- 
ittinctivc  ;  whilst  that  which  conducts  has  not  the  same  degree  of 
laetre,  appears  less  tronBloccnt,  and  has  more  the  aspect  of  a 
turbid  Kolution  Knliiliti(><l.     1  hRlicvc  both  moixt  utram-heat  and 
water-baths  are  used  In  it»  proporatiou  for  commerce ;  and  the 
differcuce  of  specimens  depends  probably  upon  tlic  manner  in 
which  these  are  applied,  and  followed  by  the  after  process  of 
rolling  between,  hot  cylinders.     However,  if  a  portion  of  that 
which  conducts  be  warmed  in  a  current  of  hot  air,  aa  over  the 
glass  of  a  low  gas  fjame,   and  be  stretched,  doubled  up,  and 
kneaded  for  some  time  between  the  (iugers,  as  if  with  the  inten- 
tion of  diasipnttng  the  moi»tiire  within,  it  becomea  aa  good  an 
insulator  as  the  best. 

1  have  Hoaked  a  good  piece  in  water  for  an  hour ;  and  on 
taking  it  out,  wiping  it,  and  exposing  it  to  the  air  for  a  minute 
or  two,  found  it  insulate  as  well  as  ever.  Aiiotlier  piece  waa 
soaked  for  four  liays  and  then  wiped  and  tried  :  at  first  it  waa 
found  lowered  in  insulating  power;  but  after  twelve  hours'  ex- 
posure to  air  imdor  common  circumstances  it  waa  aa  good  as 
ever.  I  have  not  fotmd  that  a  week's  exposure  in  a  warm  air 
cupboard  of  a  piece  that  did  not  insulate  made  it  much  better; 
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a  film  on  the  autaido  bDcame  noa-otmductiag ;  but  if  tiro  fresh 
surfaces  vfcre  exposed  hy  culling,  and  thtsc  were  bronght  into 
contact  with  the  elect romctcp  snd  the  finder,  the  imidc  por- 
tion was  still  found  to  conduct. 

If  the  gatta  percha  in  either  the  good  or  tlic  bad  coaditiou 
(as  to  electrical  service)  be  submitted  to  a  gTsdaally  increasing 
tcmpcruturc,  nt  about  3^0^  or  380'',  it  gives  uff  a  conBidcralile 
proportion  of  water;  being  then  cooled,  the  sulntance  which 
remains  has  the  general  propcrticaof  giitta  percha,  and  iuRulates 
trcll.  The  original  gum  i^  probably  connpliciitc<l,  bciii^  a  mix- 
ture of  Bcvcrul  things;  and  whether  the  water  has  existed  in  the 
Bubetancc  as  a  hydrate,  or  is  the  result  of  a  deeper  change  of  one 
part  or  another  of  the  gura,  I  am  not  prepared  to  snv.  All  I 
desire  in  this  uotc  i.^  tn  make  known  its  use  in  the  amngomcat 
of  cxtcmpornry  or  permanent  electrical  apparatus  for  the  advan- 
tage of  working  philosophers,  both  juvenile  aud  adult. 
I  am,  dear  I'hillips, 

Yonrs, 

M.  Fjhaiiay._ 
Uoyal  InxtUatioH, 

Feb. !),  18W. 
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Ob«srvations  on  the  Magnetic  Force^. 

Inasuctch  aa  the  general  consiilcr&tiona  to  be  brought  forirard 
have  respect  to  those  great  forces  of  tlic  globe,  exerted  by  it,  both 
as  a  moss  and  through   its  particles,  nomcly  maguetism  and 
gravi  tatioit,  it  is  necessary  briefly  to  recall  certain  relations 
and  differences  of  the  two  which  have  bc-eu  insisted  upon  on 
former  occasions.     Both  cau  act  at  a  distance,  ntid  doubtless 
at  auy  distance ;  but  wldlHt  gravitatioa  may  be  considered  as 
simple  and  unpolar  in   ita  relatione,  magnetism    is  dual  and 
jiolar.     Hence  one  gravitating  particle  or  system  cannot  be  con- 
ceived to  act  by  gravitation,  as  a  particle  or  system,  on  itself; 
vbcTcas  a  magnetic  particle  or  system,  becauac  of  the  dual  nature 
of  its  force,  can  have  such  a  self- relation.    Again,  either  polarity 
of  the  magnetic  force  caa  act  either  by  attraction  or  icpulsiou ; 
uiid  not  merely  so,  but  the  joint  or  ^fuct/ action  of  a  magnet  can 
act  also  cither  by  attraction  or  repulsion,  as  in  the  ea«c  of  para- 
magnetic and  diamagnetic  bodies  :  the  action  of  gravity  is  always 
that  of  attraction.     As  a  further  consequrncn  of  (he  diffrrnicc 
in  character  of  the  powers,  little  or  no  doubt  was  entertained 
regarding  the  existence  of  physical  lines  of  force'  in  the  cases 
of  dual  powers,  as  electricitj'  and  magnetism;  but  in  respect  of 
gravitation  the  cunelusion  did  not  seem  so  sure.     In  reference  to 
the  growing  maguctic  relations  of  the  sun  and  the  earth,  it  ia 
well  to  keep  in  mind  Arago'a  idea,  of  the  relative  magnitude  of 
the  two;    for,  supposing  that  the  eenfres  of  the  two  gloWs 
were  made  to  coincide,  the  sun's  body  would  not  only  extend 
as  far  as  the  moon,  but  nearly  as  far  again,  iti  bulk  being  about 
seven  times  that  of  a  globe  which  :ihouid  be  girdled  by  the 
moon's  orbit. 

Tor  the  more  careful  study  of  the  magnetic  power,  a  torsion 
balance  has  been  constructed  of  a  particular  kind.  The  torsion 
wire  was  of  hard  drawn  platinum,  21-  inches  iu  length,  and  of 
such  diameter  that  SSa  inches  weighed  one  grain.     It  was 

'  PM««diog8  of  tlie  Royal  Institntbn,  Jan.  21,  lfW.1. 
"  ProcMtURgii  ff  tliu  Royal  IridllliiUtiu,  Juiiell,  ItiSlJ,  p.3ia(»ee  p.438>; 
also  Pbi].  Mag.  4th  Scries,  ISoi,  iii.  p.  401  (svo  p.  407J. 

VOL.  II u  "is. 


4S6 
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attached  as  usual  to  a  torsioD  head  and  index.  The  horiMutal 
Wm  was  a  Hmall  glass  tnbe  tciiDinatcd  at  the  object  end  hr  a 
glasa  hook..  The  objecta  to  be  submitted  to  thr  uia^nt^tic  force 
verc  tither  (-j-lindcraor  glims  with  a  it  lament  rlrawn  uul  troat  each, 
80  as  to  make  a  long  stiff  book  for  siupcusiou  from  the  beam ;  or 
cylindHcnl  ball»  of  glnss,  of  like  ahape,  bnt  larp^r  size,  fonopd  out 
of  {jli<s8  tube  ;  or  other  matters.  The  fine  tubular  L-xtn-iuitiea  of 
t}tc  bulbs  being  opened, the  way  through  was  free  from  end  to  end; 
the  bullxt  could  thfu  be  filled  vith  auy  fluid  or  gas.  scaled,  and  be 
K-aubinittcd  many  times  iiiiiucccssion  to  the  magnetic  force  Tbc 
BCiireeof  power  employed  was  at  first  a  large  clcctro-iniignet;  but 
aftum-ardx,  in  order  to  be  eertain  of  n  constant  power,  and  for  the 
advantage  of  allowing  any  length  of  time  for  the  olverrationa, 
the  great  magnet,  constructed  by  M.  Ijogcman  upon  the  prin- 
ciples developed  by  Dr.  Eliaa  (and  which,  weighing  above 
lOOlbs-j  could  support  13U  lbs.  aceording  to  the  report  of  the 
Great  Exhibition  Jury],  was  purchased  by  the  Royal  Imtilutiou 
and  used  in  the  inquiriei.  The  magnet  was  so  arranged  that 
tlic  axis  of  power  vras  6  inches  below  the  level  of  the  glau 
beam,  the  interval  btin«  travcrswl  by  tbc  suspciisiou  filament 
or  book,  spokcu  of  above.  The  form  and  position  of  the  terau* 
nation  of  soft  iron  arc  shown  in  plan  by  tbc  diagram  upon  a 
wale  of  )>fl,  and  also  the  place  of  the  object.    All  this  part  i« 


enclowd  in  the  box  which  belongs  to  and  carries  the  torsion- 
balance,  which  box  is  governed  by  six  screws  fixed  upon  the 
tnagnct  table ;  and  as  both  the  box  and  tbc  table  have  lines  and 
scales  mariicd  upon  them,  it  is  easy  to  adjust  the  former  on  the 
latter  «o  that  the  brum  shall  Iw  over  and  jiarallel  to  the  liiiefl,  e, 
with  the  point  of  suspension  over  e;  or,  by  moving  (he  whole 
box  parallel  to  itself  towards  tn,  to  give  the  point  of  sunpension 
any  otbrr  distance  from  the  angle  c.  As  already  said,  the  object* 
were  couitructcd  with  a  suspension  filamout  of  Kueh  length  aa  to 
make  them  ooiucide  in  height  with  the  angle  in  the  magnetic 
field.    Wbeu  suspended  on  the  beam,  they  were  connterpoUed 
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by  a  riog  or  nog»  of  letd  on  the  furthor  arm  of  the  beam.  ThoM 
whcD  rc-quircd  wore  moral  aloug  the  beam  uutil  the  tut  Icr  wax  hori- 
zontal ;  and  that  eUtc  was  uscc-rtaiiied  by  u  double  arm  supportj 
which  sustained  the  beam  whcu  out  of  use,  brought  it  into  a 
steady  statu  when  moriiig,  and  delivered  it  iuto  a  condition  uf 
freedom  when  required.  The  motiim  uf  the  box  to  the  right  or 
left,  M)  OS  to  place  the  object  ia  the  middle  of  the  ma^pictic  augle, 
iras  given  by  two  of  the  screws  Jbefore  spoken  of ;  the  motion  to 
the  given  distance  from  c,  by  the  other  four. 

Supponiug  the  distance  from  r  towards  »i  to  l>e  adjusted  to 
Q'G  of  au  inch,  when  the  beam  was  loaded  above,  and  uo  object 
ln-forc  the  magnet  (the  beam  having  been  of  course  previously 
adjiistt-d  to  its  normal  {losition  and  the  torsion  index  placed  at 
xoro),  it  then  remaiucd  to  determine  the  return  of  the  beam  to 
its  place  when  the  object  had  been  suspended  on  it  and  repelled  i 
this  wais  done  in  the  following  manner.  A  small  plane  rctlector 
is  6xed  on  the  beam,  near  its  middle  part,  under  tlie  point  of 
siiHpcn.sioii ;  a  small  telescope  assoelatcd  with  a  divided  scale  ia 
placed  nboiit  6  fret  from  the  rvllcclur,  luid  iti  such  u  poaitioa 
that  when  the  beam  is  iu  it«  right  place,  a  given  degree  in  tho 
scale  coincides  with  the  fine  wire  in  the  teleitoopc.  Of  course 
the  scale  appears  to  pass  l>y  the  wire  as  the  lieam  tUinlf  moresj 
and  with  a  double  angular  vtilocity,  becanse  of  the  redexion.  As 
it  is  cnKV  to  read  lo  the  fiftieth  and  even  to  the  hundredth  of 
an  inch  in  tliis  war,  uud  as  each  degree  occupies  Bppan:utly 
3'4  inches  with  the  radium  of  G  feet,  so  an  augulor  motion,  or 
difTcrence  of  gJcth  of  a  degree  could  bo  observed;  and  as  the 
radius  of  the  arm  of  tlic  l>eam  carrying  the  object  was  fi  inches, 
such  a  (iiuiutity  there  wuidd  be  less  than  .2-„',|,)th  of  an  inch  ;  t.  e, 
the  return  of  the  beam  to  its  firat  or  normal  position  by  the 
torsiuu  force  put  on  to  counteract  the  rcpulsiuu,  could  l>c  asccr* 
taincd  to  within  that  amount.  When  an  object  was  put  on  the 
adjusted  beam,  if  diam&gnctie,  it  was  repelled;  and  then,  as  the 
obcerrer  sat  at  tlte  telescope,  he,  by  means  of  a  long  handle, 
s  wheel  and  pinion,  put  on  torsion  until  the  place  of  the  beam 
was  restored  ;  and  af  ti^nvards  tlie  amount  uf  torsion  read  off  oa 
the  graduated  scale  become  the  measure  in  degrees  of  the  repul- 
sive force  CKcrlod.  At  the  time  of  real  obacrvntiona,  the  ningnot, 
bolaucc,  and  telescope  were  all  fixed  in  a  basement  room,  upon 
a  stouc  6oor.  13ut  it  is  uuucccsaaxy  to  describe  here  the  numerous 
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pTccBUtions  rrquircd  in  rctation  to  the  time  of  aa  obaorr&tioa, 
the  set  of  tlic  suspcusioD  vire  bv  a  liif^h  tor&ioQ,  the  possible 
olectricity  of  the  object  or  beam  by  touch,  the  effect  of  feeble 
currents  of  nir  within  the  box,  the  shape  of  the  object,  the  pre* 
caution  sgaiust  caiiillarj'  action  vhen  fluids  were  employed  as 
media,  and  other  circamstances  ;  or  the  use  of  ccrtnin  stops,  and 
the  mode  of  procrdurc  in  the  cases  of  paramngnctir  action ; — 
tiio  object  bciDg  at  present  to  present  only  au  intclligeut  nev  of 
the  principles  of  action. 

Wlicn  a  body  is  mibmitted  to  the  power  of  a  magnet,  it  is 
affected,  as  to  the  re<iult,  not  merely  by  the  magnet,  but  also  hy 
the  medium  snrromiding  it ;  and  even  if  that  medium  be  changed 
for  a  Tacuum,  tbc  vac\mm  ami  the  body  atill  arc  in  like  relation 
to  ench  other.  In  fact  the  result  is  always  differential ;  any 
diangc  iu  the  medium  changes  the  action  on  the  object,  aud 
there  are  abundance  of  substances  which  when  ^urround^  by 
air  are  repelled,  and  when  by  water,  arc  attracted,  upon  the 
>ppii>ach  of  a  magnet.  When  a  certain  small  glas«  eyliuder 
weighing  only  GG  gruiu^  waa  submitted  on  the  torsion-halancc 
to  the  Logeman  magnet  surrounded  by  air,  at  the  distance  of 
0*5  of  an  inch  from  the  axial  line,  it  required  10°  of  torsion  to 
oveicome  tbc  repulsive  force  and  restore  the  object  to  its  place*. 
When  a  vessel  of  water  was  put  into  the  magnetic  field,  and  tba^ 
experiment  repeated,  the  cylinder  being  now  in  the  water  wait 
attracted,  and  &i°'&  of  torsion  were  re[|uircd  to  overcome  this  at- 
traction at  llie  given  distance  of  0*5.  If  the  ■ve3«l  had  contained 
u  fluid  exactly  equal  in  diamngnctie  power  to  the  cylinder  of  glassj  I 
neither  attaction  nor  repulsion  would  have  h«cn  exerted  on  the 
latter,  and  thercfon:  tbc  torsion  wotild  bave  been  0*.  Hcnco 
the  throe  bodies,  air,  glass  (the  especial  speclnicu},  and  water, 
hare  their  relative  force  measured  in  relation  to  esicb  other  by 
the  three  experimental  numbers  15°,  0°,  and  51°*5.  If  otiier 
fluids  are  taken,  as  oil,  leLlier,  &c.,  ii.nd  employed  aa  the  media 
sorronnding  tlic  tame  ^lass  cylinder,  then  the  degrees  of  tonion 
obtained  with  each  of  them  rcspcctivtdy,  show  its  place  in  the 
magnetic  series.  It  ts  the  principle  of  the  hydrometer  or  of 
Archimedes  in  respect  of  gravity  applied  in  tbc  case  of  the  mag. 
netic  forces.  If  a  diffcrcut  cylinder  bo  employed  of  another  sizo^ 
or  substance,  or  at  a  different  distance,  the  torsion  numbers  will 
be  different^  and  the  zero  (given  by  the  cylinder)  also  different  - 
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bnt  tlie  media  (witli  an  exception  to  be  ma^e  hereafter)  will  hate 
tbc  same  relatioa  to  each  other  as  id  tlic  former  case.  Tlicrcforc 
to  bring  all  the  experimental  results  into  ouc  common  rclatioD, 
a  Centigrade  scale  has  been  adopted  bounded  by  air  and  water 
at  corumou  tcrapcralurtw,  or  GO"  i".  For  this  purpose  everjr 
Reparate  series  of  results  made  under  exactly  the  same  circiim- 
stances  included  air  and  water;  and  then  all  the  results  of  one 
series  were  multiplied  by  such  a  number  as  would  convert  the 
difference  between  air  oud  water  into  J00° :  iu  tlus  way  the  throe 
results  given  above  become  2I*"6,  0°,  and  78^'4,  By  sueh  a 
process  the  magnetic  intervals  between  the  bodies  are  obtained  on 
the  Centigrade  scair,  but  the  true  zero  is  not  an  yet  dotermined. 
Kitber  water,  or  air,  or  the  glaaS)  may  be  assumed  ws  the  KCro, 
the  intervals  not  being  in  any  way  dcpeudcnt  upon  tliat  point, 
but  the  results  will  then  vary  in  expression  thus  : — 


Air 

0 

210 

0 
100 

Glass     . 

21G 

0 

78-1 

Water  . 

100 

7S-4 

0 

all  above  the  zero  being  paramagnetic,  and  all  below  diamagnctic, 
in  relation  to  it.  J  have  adoptcti  a  vacuum  as  the  zero  in  the 
table  of  results  to  he  given  hereafter. 

Iu  this  manner  it  ia  evident  that,  upon  priuciplc,  any  solid, 

whatever  its  size,  shape,  or  cjuality,  may  be  included  iu  the  list, 

by  its  subjection  to  a  magnet  in  nlr  and  in  water,  or  in  fluids 

already  related  to  these :  also  that  any  lluids  may  he  included, 

by  the  use  of  the  same  immersed  solid  body  for  tbemj  air  and 

water;  and  also  that  by  using  the  same  vessel,  as  for  instance 

the  same  glass  bulb,  and   filling  it  sueceMsively  with  various 

gases  and  fluids,  iucludiug  utways  air  aud  water  iu  each  scries^ 

tliesc  iucliidcd  bodies  may  then  hare  their  results  reduced  and 

be  entered  upon  the  list.     The  following  is  a  tabic  of  some  sub- 

stauoes  estimated  ou  the  Centigrade  scale,  aud  though  there  are 

many  points  both  of  theory  and  practice  yet  to  be  wrought  out, 

u  regards  the  use  of  the  torsion  balance  dearrihed,  bo  that  the 

results  can  only  as  yet  be  recorded  as  approximations,  even  now, 

the  average  of  three  or  four  careful  experiments  gives  an  ex- 

prcMtion  for  any  particular  substance  under  the  aaine  conditions 

of  distance,  power,  kc.  nciir  upon  aud  often  withui  a  degree 

of  the  place  assigned  to  it,     The  powers  arc  expressed  for  a 
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distance  of  0*6  of  an  inch  from  the  magnetic  axis  of  tho  magnet  as 
amngcd  aud  described,  and  of  coiusc,  for  ttpiat  w>l»me»  of  tlic 
bodies  mentioned.  The  extreme  riecimii!  plsres  must  not  be 
taken  as  correct,  except  as  regards  tlie  record  of  the  experi- 
ments: they  arc  the  results  of  calculation.  Hjdrogcn,  nitro- 
gen, and  pcrlmpH  Bt>tnc  other  of  tlie  bodice  m-ar  znni,  may 
ultimately  turn  out  to  be  as  a  vacaum ;  it  i»  evident  tUut  a  very 
little  oxygen  would  produce  a  difference,  nitrli  oa  that  which 
appears  in  nitrogen  gaa.  The  first  solution  of  oopper  nii-iiliuned 
wo-s  colourlcM^  and  the  second  the  same  solution  oxidized  by 
limplo  agitation  in  a  bottle  with  atr^  the  copper,  ammonia,  and 
water  being  iu  both  tlie  some. 

Prot-ammo.  of  copper 
Per-ammo.  of  copper 
Oxygen.     . 
Air    . 
Olcfiant  gaa 
Nitrogen    . 
Vacuum     . 
Carbonic  acid  gaa 
Hydrogen  . 
Ammonia  gas     . 
Cyanogen  . 
A  glass 
Pore  cine  . 
JJthcr 

Alcohol,  ahsolate 
Oil  of  lemons 

Flacker  in  his  very  valuable  paper'  ha«  dealt  with  boHica 
which  are  amongst  the  highly  paramagnetic  BubBtauccs,  and  bia 
estimate  of  power  is  made  for  equal  weights. 

One  great  object  in  the  conitniction  of  an  instmment  delicate 
as  that  described,  was  the  invratigatton  of  certain  points  in  the 
philusojihr  of  magnetism  ;  and  amongst  them  especially  that  of 
the  right  application  of  the  law  of  the  iuTorsc  square  of  the  di- 
ataiice  as  the  tmiTersat  law  of  magnetic  action.  Ordinary  mag- 
netic action   mav    be   divided   into  two   kinds,  that  butwccn 


134-28 

Camphor  . 

63-59 

119-83 

Camphine 

82-96 

17-5 

LinRCcd  oil 

85-50 

3-4 

Olive  oil  . 

85-6 

0-6 

Wax 

8073 

0-3 

Nitric  acid 

87-96 

0-0 

Water       . 

96-6 

0-0 

Solution  of  ammonia 

98-5 

0-1 

fiieulphide  of  carbon 

99-64 

0-5 

Sat.  sol.  nitre  . 

100-08 

0.9 

Sulphuric  acid . 

104-47 

18-2 

Sulphur   . 

118 

74-0 

Chloride  of  arsenic  . 

121-73 

75-3 

Fused  borate  of  lead . 

136-8 

78-7 

Phoaphoras 

80 

Tlinmuth  . 

19676 
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magnets  pcrmatieutljr  magBBtiied  uid  nncliAngeiilile  ia  tlteir 
condition,  and  that  between  budtes  of  which  oao  is  *  permanent 
unchangeable  magnet,  and  ttic  other,  having  no  magnetic  stot^j 
of  its  ova,  receives  and  retains  its  state  only  uhiist  iu  subjoctioit 
to  the  first.   Tbc  former  kind  of  action  apjiean  in  the  most  rigid 
and  pure  cases  to  be  subject  to  that  law  ;  but  it  would  be  pre- 
mature to  assume  bcforebaud,  and  without  abundant  auQicicut 
evidence,  that  the  same  lair  applies  in  the  second  ect  of  caurij 
also ;  for  a  hasty  assumption  might  be  in  ojipfwilion  to  the  truth 
of  nature,  and  therefore  injurious  to  the  pn>grc«&  of  seicucc,  by 
the  creation  of  a  proconceived  conclusion.     Wc  tiiow  not 
thcr  such  bmlica  as  oxygen,  copper,  wMrr,  btsnuith,  Sx,,  owe 
their  respective  paramagnetic    and  dinmaguctJc   relation  to  a 
greater  or  los»  fncility  of  oonduction  in  regard  to  the  lines  of 
magnetic  force,  or  tu  something^  tike  «  jwlarity  of  tlteir  particles 
or  masses,  or  to  some  as  yet  unsuspected  state;  und  ibcre  !•] 
little  hope  of  our  dereloping  the  true  condition,  and  tbcrforai 
the  cause  of  magnetic  action,  if  we  a»«ume  beforehand  the  un- 
proved law  of  action  and  reject  the  cxporimontK  that  already 
he-ar  upon  it ; — for  Pliickcr  has  distinctly  stated  as  tlic  fact,  tliat 
diamagnetic  force  increases  more  rapidly  than  magnetic  force, 
vhen  the  power  of  the  dominant  magnet  is  lucrcasod  ;  and  such 
a  fact  ia  contrary  to  the  law  above  cuunciatctl.     Tbc  following 
are  Ituthcr  results  in  rcUtion  to  this  point. 

When  a  body  is  submitted  to  the  great  unchanging  Ijogeman 
magnet  in  air  and  in  water,  and  the  resnltii  are  reduced  to  tho 
Centigrade  scale,  the  relation  of  the  three  Hub«tanccs  remaini  thu 
aamo  for  the  same  distance,  but  not  for  differeiit  di«tancea. 
llius,  when  a  given  cylinder  of  Hint  glass  was  aubmittcd  to  tho 
magnet  surrounded  by  air  and  by  water,  nt  the  distance  of  0-3 
of  an  inch,  as  already  deHcrihed,  it  proved  to  be  diamagnetic  in 
relation  to  hotli;  and  when  tb«  reaults  were  corrected  to  the 
Centigrade  scale,  and  water  madczero,  it  was  'J^'l  Ik-Iow,  or  on 
the  diamagnetic  side  of  water.  At  the  distance  O"!  of  an  inch  it 
was  l(y<>bcIow  water :  at  the  distance  of  07  it  was  IS"-!  below 
water.  When  a  more  diuuingnctie  body,  as  heavy  ghus,  waa 
employed,  the  same  result  in  a  higher  degree  was  obtained  ;  for 
at  the  distance  of  0'3  it  was  37*'*8  below  water,  and  at  tliat  of 
0*8  it  v/an  48^-6  beneath  it.  Hiamuth  presented  a  still  uon 
striking  case,  though,  as  the   volume  of  the  substance  waa 
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necessarily  small,  c^ual  coaRdenre  cannot  be  placed  in  tbe  cxacti- 
tttdc  of  the  numbcra.  The  results  are  given  beloir  For  the  tliree 
raUtanccs,  air  beinctlvayv  100°  and  water  0^;  the  fintt  column 
of  figures  for  each  oabstanee  oontainit  the  distance '  in  tcnthii  of 
an  inch  firom  the  axial  line  of  the  magnetic  field,  and  the  scc<md. 
the  place  in  Centigrade  magnetic  degrcm  below  water. 


FUat-Glua. 

0-3—  91 
0-4  —  lafl 
0-5— UI 
0-6  —  U-2 
07—  121 


0-3  —  37-8 
0-4  —  88-6 
0^  —  400 
0*8  —  48-6 
10  —  51-5 
1-S  — 63-6 


BiMniithi 

0-G  —  1871 
10  —  273* 
1*5  —  362(5 


The  result  here  is,  that  the  greater  the  distance  of  the  dinmag- 
netic  body  from  ihc  magnet^  the  more  diaiuagnetie  is  it  in  re- 
lation to  -water,  taking  the  interval  between  water  and  air  aa  the 
standard :  and  it  would  fiutbcr  appear,  if  an  opinion  maj  bo 
formed  from  ao  few  experiments,  that  the  more  diamagttctic  tlie 
IkkIv  compared  to  air  and  water,  the  greater  docs  this  diffcnnicc 
become.  At  first  it  was  thought  poanble  that  ihc  results  might 
be  due  to  some  prerioua  state  induced  upon  the  body,  by  its 
baring  been  nearer  to  or  further  from  the  magnet ;  but  it  vns 
found  that  whether  the  progress  of  the  expcriiacnia  waa  from 
small  to  larpe  distuuce*,  or  the  reverse ;  or  whether,  at  any  given 
distauce,  the  object  was  previous  to  the  measurement  hcUl  cloM 
up  to  the  magnet  or  brought  from  a  distance,  the  results  were 
the  same; — nn  oidence  of  a  temporary  induced  state  could  in 
imy  of  these  ways  be  found. 

It  does  not  follow  from  the  experimeuts,  if  tlicy  should  be 
sustained  by  future  researches^  that  it  is  the  glass  or  the  bismuth 

*  A  giT«n  chiutfTO  of  distaooe  neceMsrily  uaplite  change  in  ilrgnc  of  fon», 
Hidcfaangv  in  ibo  foinuof  Um  Hum  of  ttaett;  bntitdom  n-A  unply  alwsja 
I  Miim'  Hipntint  of  cliBi)g«.  'Hm'  totcf*  uo  not  tke  aune  at  tbc  nma  4]- 
am  of  0-4  of  ah  inch  Id  opponic  diirctiaai  txom  the  axJal  line  UiwoHam  aad 
« tu  the  Sirun,  psfe -tO^)  Bor  St  any  other  sqiu]  nodento  di«tue« ;  and  ikou^b 
by  ioenaae  and  ^aunutioD  of  diMooc*  the  cluugowia  tin  aatBO  (Unction,  it 
U  n«l  ia  lbs  snaa  l«ofortiofu  Uyfil]yunngi>db;nnii»tioM,ittBi^bBiiUKlo 
to  niter  with  ntivinc  n^idit}'  in  one  dinotioa,  anil  wiUi  extreme  dowaoaeor 
DM  at  all  in  saotliei. 
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only  that  cli&nj^  in  relation  to  the  otliC'r  two  bodies.  It  may 
be  the  oxygen  of  thn  air  that  alters,  or  the  water,  or  more  pro- 
bably nil  thcHu  buJicB ;  for  if  the  result  be  a  true  aui)  natural 
reBult  in  these  cases,  it  is  probably  common  to  all  auhstauccs. 
The  great  point  is,  that  the  three  bodies  concerned,  air,  water, 
auit  the  subject  of  the  cxpcrimcat,  alter  in  the  degree  of  their 
magnetic  relations  to  each  other; — at  different  given  distance* 
from  the  magnet  the  ratio  of  tlieir  magnetic  power  docs  not, 
according  to  the  experiments,  remain  the  same;  and  if  that  re- 
sult be  confirmed,  then  it  cannot  he  included  by  a  law  of  action 
whicb  is  in\eraely  a^thc  square  of  the  tlietancc.  A  hydrometer 
floating  in  a  fluid  and  subject  to  the  gro^'ity  of  the  earth  alone, 
vould  (other  things  being  the  name)  stand  at  the  same  point, 
irhether  at  tlie  surface  of  the  earth,  or  remOTed  many  diameters 
of  the  earth  btim  it,  because  the  action  of  gravity  is  inversely  aa 
the  square  uf  the  chstaiicc  ;  but  if  wc  suppose  the  substance  of 
the  hydrometer  and  the  fluid  todiifcr  magnctically.asnatcrand 
bismuth  do,  and  the  cnrtli  to  act  as  a  magnet  instead  of  by 
grai'ity,  then  the  hydrometer  would,  according  to  the  experi- 
ments, Htand  at  a  difl'crcnt  point  for  different  distances,  and  if  so 
could  not  be  sabject  to  the  former  law. 

The  cause  of  this  variation  in  the  ratio  of  the  substances  one 
to  another,  if  it  be  finally  proved,  lm«  still  to  be  searclicd  out. 
It  may  depend  in  some  manner  upon  the  forma  of  the  lincu  of 
magtiettc  force,  which  are  different  at  fliffercut  distances;  or  not 
upon  the  forms  of  the:  lines,  but  the  avioant  of  power  at  tlie  dif- 
ferent diRlanci's;  or  not  upon  the  mcrcammmt,  but  on  the  cir- 
cum«tancc  that  in  every  case  the  body  submitted  to  expcrimoDt 
hns  hncn  o(  ftifferftit  tfe^ffrees  of  force  passing  through  different 
parts  of  it  (for  however  differcut  the  mngnetie  or  diamngnctic 
conditions  of  a  body  and  the  fluid  surrounding  it,  they  would 
not  move  at  all  in  relation  to  each  other  in  a  Beld  of  equal 
force) ;  but  whatever  be  the  cause,  it  -will  be  a  concomitant  of 
magnetic  actions  ;  and  therefore  ought  to  be  included  iu  the  re- 
sults of  auy  law  by  which  it  is  supposed  that  these  actions  arc 
governed. 

It  has  not  yet  been  noticed  that  these  general  rcsnits  appear 
to  be  indirect  opposition  to  those  of  I'liickcr,  who  finds  that 
diamagnctic  power  increases  more  rapidly  than  magnetic  power 
with  increase  of  force.    But  such  a  circumstance,  if  both  con* 
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elusions  be  accorilant  vith  facts,  on)/  skoTS  that  we  have  yet  a 
great  deal  to  learn  abuut  the  physical  uature  of  itiis  force;  and 
we  must  not  shut  our  eyes  to  tlie  first  feeble  gllmpHcs  of  tbeae 
things,  because  they  arc  inconsistent  on  both  udes  with  our 
assumed  laws  of  action ;  but  rather  seize  them,  as  hoping  tliat 
they  will  give  us  the  k<7  to  the  truth  of  nnture.  Bodies  when 
subject  to  the  power  of  the  magnet  appear  to  acqairo  a  now 
physical  state,  which  varies  with  the  distance  or  the  power  of 
the  magnet.  Kach  Inidy  may  have  its  own  rote  of  increase  and 
doorcase ;  and  that  may  be  eiicb  as  to  connect  the  extreme  effect 
of  I'liickcT,  amougat  paramagnetic  bodies  on  the  one  hand,  and 
the  extreme  effects  omongat  diamagnelic  bodies  now  described, 
on  the  other ;  and  when  we  understand  all  this  rightly,  we  may 
sec  the  apparent  coutradicttou  become  harmony,  though  it  may 
not  couform  to  the  law  of  the  inverse  square  of  liie  distance  aa 
vc  now  try  to  apply  it. 

Pltickcr  has  already  said,  becaose  of  his  obserfatioos  regarding 
paramagnetic  and  diamagnctic  force,  that  no  correct  list  of  mag- 
netic substances  can  be  given.  The  same  consefjucnoc  follows, 
though  in  a  different  direction,  from  wliat  has  now  been  stated, 
and  hence  the  reservation  before  made  (p.  501).  Stilt  the  former 
tabic  is  given  ns  aii  approximation,  and  it  may  be  useful  for  a 
time.  Before  Ica^Hng  this  fir&t  account  of  recent  experimental 
tMUTchM,  it  may  be  as  well  to  state  that  thoy  arc  felt  to  be  im- 
perfect and  may  perhaps  even  be  overturned  j  but  that,  as  such 
a  result  is  not  greatly  anticipated,  it  was  thought  well  to  present 
thoui  to  the  Members  of  the  Royal  institntion  and  the  scientific 
world,  if  peradvcnture  they  might  excite  rriticism  and  experi- 
mental esaminatioD,  and  so  aid  in  advancing  the  cause  of  physical 
science. 

On  a  former  occasion'  the  existence  of  ph^tieal  lines  of  force 
in  relatiou  to  magnetism  and  eloelricity  was  inferred  from  the 
dual  nature  of  these  powers^  and  the  necessity  in  all  cases  and  at 
all  times  of  a  relation  and  drpcndcncc  between  the  polarities  of 
the  magnet,  nr  the  pmitivc  and  negative  electrical  surfaccii. 
With  respect  to  grarity  a  more  besitatiug  opinion  was  ezprcssedi 
because  of  the  difficulty  of  observing  facts  having  any  relation 
to  lime,  and  bcrftunc  two  gravitating  |uirtieles  or  maiuie^  did  not 
aeem  to  have  any  neceKsaty  dependence  on  each  other  for  the 

■  8m  p.  488. 
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existence  or  excitement  of  their  mutual  power'.  A  passage 
may  now  be  quoted  firom  Newton  which  has  since  been  dis- 
covered in  hia  worksj  and  which,  showing  that  he  was  an 
unhesitating  believer  in  physical  lines  of  gravitating  force, 
must  from  it»  nature  rank  him  amongst  those  who  sustain  the 
physical  nature  of  the  lines  of  magnetic  and  electrical  force :  it 
is  as  follows,  in  words  written  to  Bentley':  "That  gravity  should 
be  innate,  inherent  and  essential  to  matter,  so  that  one  body  may 
act  upon  another  at  a  distance  through  a  vacuum,  without  the 
mediation  of  anything  else,  by  and  through  which  their  action 
and  force  may  be  conveyed  firom  one  to  auol^er,  is  to  me  ao 
great  an  absurdity,  that  I  believe  no  man  who  has  in  philosophi- 
cal matters  a  competent  faculty  of  thinking,  can  ever  fall  into 
it.  Gravity  must  be  caused  by  an  agent  acting  constantly  ac- 
cording to  certain  laws ;  but  whether  this  agent  be  material  or 
immaterial,  I  have  left  to  the  consideration  of  my  readers." 

>  PMlosopHcal  Maga2ine,4th  SeriM,  1852,  vol.  iii.  p.  403  (3246.). 
»  Newton'a  Worts,  Horale/a  edition,  4to,  1783,  vol.  iv.  p.  438,  or  the 
Third  Letter  to  Bentley. 


On  Elc€tric  Induction — Astodeted  cotes  of  current  and 

static  effects^. 

Certain  phicnomcDa  that  hare  prcsootod  tbcmsclvcs  in  the 
course  of  tbc  cxtraordinarf  expansion  which  the  works  of  the 
£cctric  Tclcf^ph  Cotopnsy  haTc  undct^ne,  appcarcU  to  me 
to  offer  rcmarknhle  il  lust  rations  of  some  fundamental  principles 
of  electricity,  and  iitrong  conttnnatiou  of  the  inithfulneaii  of  the 
view  which  I  put  forth  sixteen  years  ago,  rcepocting  the  mn- 
tunlly  dependent  nature  of  iuductiuu,  conduction,  and  iiuuhitioa 
(Exp.  Res.,  1318.  &c.).  I  am  deeply  indehted  to  the  Compuiy 
to  the  Gutta  Pcrcha  works,  and  to  Mr.  Latimer  Clarke,  for 
the  facta;  and  also  for  the  opportunity  both  of  aeein|;  and 
showing  them  well. 

Copper  wire  is  perfectly  covered  with  gutta  pcrcha  at  the 
Company's  workn,  the  metal  and  tbc  covering  being  in  every 
part  regular  and  coiicontric.     The  covered  wire  in  usoidly  mode 
into  half-mile  Iciigtbs,  the  necessary  junctions  being  effected  by 
twisting  or  binding,  and  nltimatcly,  soldering;  after  vhidi  the 
place  id  corcred  with  fine  gutta  pcrcha,  in  such  a  manner  aa  to 
make  the  coating  an  perfect  tberc  as  elsewhere;  tfac  i>crfcction 
of  the  whole  operation  ia  finally  tried  in  the  following  atriking 
manner,  by  Mr.  Stalham,  (he  niauager  of  the  works.     The  half- 
mile  coils  are  >u.ipendcd  from  the  sides  of  barges  floatiug  in  a 
cotial,  so  that  the  eoila  arc  immersed  in  the  water,  whilst  the  two 
eiida  of  each  coil  rise  into  the  air :  as  many  aa  S()0  coils  are  thus 
immersed  at  ouce,  and  when  their  euda  ore  connected  in  scries, 
one  great  length  of  100  milea  of  submerged  wire  is  produced, 
the  two  extremities  of  which  can  be  brought  into  a  room  for  ex- 
periment.    An  insulated  voltaic  battery  of  many  [►air*  of  stinc 
and  copper,  with  dilate  sulphuric  acid,  has  one  end  connected 
with  the  earth,  and  the  other,  through  a  galrauumctcr,  ii-ith 
citber  end  of  the  submerged  wire.    Passing  by  tiic  first  ctfcct, 
and  continuing  the  contact,  it  is  evident  that  the  battery  curreut 
can  take  advantage  of  the  whole  accumulated  conduction  or  de- 
fective insulation  in  tlic  100  miles  of  gutta  pcrcha  on  the  wire, 
and  that  whatever  portion  of  electricity  panes  through  to  tfac 
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vater  itIU  be  shown  by  the  galranomctcT.  Now  tlic  battery  is 
made  one  of  intensity,  in  order  to  raise  tlie  character  of  the 
proof,  and  the  gnlvanomctcr  employed  is  of  considerable  dcli- 
caey;  yot  so  high  is  the  insulation  that  the  deflection  is  not 
more  than  5°.  As  another  teat  of  tlie  perfect  state  of  the  wire, 
when  the  two  ends  of  the  battery  are  connected  with  the  two 
ends  of  the  wire,  there  is  a  powerful  cnrrent  of  electricity  sliowu 
by  a  much  coar»er  iustvumcnt ;  but  when  auy  one  junetion  in 
tlie  course  of  the  100  miles  is  separated,  the  current  is  uCuppcd, 
and  tbe  leak  or  dclteirncy  of  Insnlation  rendered  &i  smtdl  as  be- 
fore. The  perfection  and  condition  of  the  wire  may  be  Judged 
of  by  these  facts. 

Tic  100  miles,  by  means  of  which  I  saw  the  phicnomena, 
were  thus'gofid  .is  to  insulation.  The  copper  wire  was  y^th  of  an 
inch  in  diameter  : — the  coTcred  wire  van  ^f,  ;  some  was  a  little 
less,  beiug  ^.^  in  diameter : — the  gutta  percha  on  the  metal  may 
ibereforc  be  couHiderud  as  Q'  1  of  on  iaeli  in  thickness.  100 
mitca  of  like  covered  wire  in  coiltt  were  heaped  up  on  the  floor 
of  a  dry  wai'chou^  and  connected  in  one  scries,  for  compari^oa 
with  that  under  water. 

Consider  now  an  insulated  battery  of  360  pairs  of  plates  (4x  3 
inches)  having  out-  extremity  to  the  earth  ;  tlie  water  wire  with 
both  its  iuHulatcd  ends  iu  the  room,  aud  a  good  earlU-diacburge 
wire  ready  for  the  requisite  communications : — when  the  free 
battery  end  was  placed  in  contact  with  tbc  water  wire  aud  then. 
Tcmovcd,  and,  afterwards,  a  person  touchiog  tbc  earth-discharge 
touched  also  the  wire,  he  received  a  powerful  shock.  The  shock 
was  rather  that  of  a  voltaic  than  of  a  Loydcn  battery  :  it  occu- 
pied lime,  and  by  quick  tapping  touches  could  be  divided  into 
numerous  small  shocks :  I  obtained  as  many  as  forty  icasiblc 
shocks  from  one  charge  of  the  wire.  If  time  were  allowed  to 
intervene  betw(?eu  the  charge  and  discharge  of  the  wire,  the 
shock  was  Icn ;  hut  it  was  scmjibk  after  2,  S,  or  4  minutes,  or 
even  a  lunger  period. 

When,  after  the  wire  had  been  in  contact  with  the  battery,  it 
was  placed  in  contact  with  a  Statham's  fuse,  it  iguit»l  the  fu»c 
(or  eren  six  fuses  in  sueecssiou)  vividly : — it  could  ignite  the  fuse 
3  or  4  sccontls  after  separation  from  the  battery.  When,  having^ 
been  in  contact  with  the  battery,  it  was  separated  and  placed  in 
contact  with  a  galvanometer,  it  aflected  the  instrument  very 
powerfully :  it  acted  on  it,  though  less  powerfully,  after  the  lap»c 
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of  4  or  S  minutes,  and  eren  affected  it  aeniibly  30  or  80 
minute*  iiftvr  it  hwl  been  scpapnted  from  tJii;  battery.  Wlwn 
tht!  insulated  gnlvanomcter  vraa  pcnnanentljr  attached  to  tlie  end 
uf  the  wBtcr  wire,  and  the  battery  pote  was  brought  in  contact 
witb  tbc  tree  cud  uf  the  instrumcut,  it  was  most  iustructivc  1o 
see  the  great  riutli  of  electricity  luto  the  wire  ;  }'et  after  that  was 
over,  though  the  contact  was  continued,  tJic  deflection  was  not 
more  than  5'^,  so  high  was  the  iiiaulatiou.  Then  separating  the 
batterer  from  the  galvanometer,  and  touching  tlie  latter  witb  tlie 
earth  wire,  it  was  juat  as  iitrikiiig  to  sec  tbc  electricity  rush  uiit 
of  tlic  win^  holding  for  a  time  the  ma^nrt  of  the  instrumeut  in 
the  reverse  direction  to  that  due  to  tht;  ingrc»s  or  charge. 

These  cfTccI*  were  produced  c<]U.iIIt  wcH  with  cither  pole  of  the 
batti^ry  or  with  either  end  nf  the  wire  ;  and  whcthi^r  the  electric 
ctMidition  was  conferred  and  withdrawn  at  the  same  end,  or  at  the 
oppuslie  end«  of  the  100  miles,  made  uo  diOerence  iu  the  result*. 
An  iuteuBity  battery  waa  rciiuired,  for  reasons  which  will  be  very 
orident  la  the  Bcqu«l.  That  employed  was  able  to  dccam[>ose 
only  a  very  smalt  quantity  of  water  in  a  given  time.  A  Orovc'a 
liattcry  of  eight  or  ton  pair  of  plulo«,  ubieh  would  hare  far  sur- 
pmed  it  in  this  respect,  would  have  had  scarcely  a  sensible  power 
in  affecting  the  wire. 

~\Vhcu  the  100  miles  of  wire  in  the  air  were  ciperimculetl  with 
in  like  maimer,  not  the  slightest  signs  of  any  of  these  effects  were 
produced.  There  is  reaeoD,  from  principle,  to  believe  that  an 
infinitesimal  result  is  obtainable,  but  as  compared  to  tlie  water 
wire  tbc  action  wts  nothing.  Yet  the  wire  was  equally  well  and 
better  iusulatf^,  and  as  regarded  a  constant  citrreut,  it  was  an 
equally  good  conductor.  Thin  point  va.<i  ascertained,  by  attach- 
ing the  end  of  the  water  wire  to  one  golvauomotcr,  and  tlic  end 
of  the  air  wire  to  another  like  iustrument ;  the  two  other  ends  of 
the  wire4  were  fastened  together,  atul  to  tbc  earth  contact;  the 
two  free  galvanometer  enda  were  foatened  together,  imd  to  the 
free  pole  of  the  battery;  in  this  raauner  the  current  was  di- 
vtdcil  lictween  the  nir  and  water  wires,  but  the  galvanometcrn 
were  a0i'^ctrd  to  precisely  the  same  amount.  To  make  the 
result  more  certain,  tLc»c  instrumcuts  were  changed  one  for  the 
other,  but  the  deviations  were  atill  alike  :  so  that  the  two  wires 
Conducted  with  equal  facility. 

TUu  cause  of  the  Arst  results  is,  upon,  oonsideratlon,  evident 
enough.    In  consequence  of  the  perfection  of  theworkinan^hip 
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a  Le^rden  arriLagemcnt  is  produced  upon  a  Urge  scale ;  the  cop- 
per virc  becomes  charged  Btaticattj  with  that  electricity  vhich 
the  pole  of  the  batter;  coiuiect«d  with  it  can  supply* ;  it  acts  bj 
Laduction  through  the  guttn  pcrchit  (without  which  inctuction  it 
ooald  Qot  it»elf  become  cbar^l,  Exp.  Kcs.  1177.),  producing 
the  opposite  Btntc  on  the  surface  of  the  trutcr  touching  the  gutta 
perchu,  which  forma  the  outer  coutiiig  nf  this  curious  nrrungc* 
ment.     The  gutta  pcrcha  across  which  the  induction  occurs,  is 
only  0*1  of  ftn  inch  thick,  and  the  extent  of  the  coating  is  enor- 
mous.    The  sut^aee  of  the  copper  wire  is  nemrly  8300  square 
feet,  and  the  surface  of  the  outer  coating  of  water  is  four  timet^^ 
that  amount,  or  33,000  8(]uarc  f<;ft.     Ilcncc  the  Mtrikiiig  charac- 
ter of  the  results.     The  iuten^tty  uf  the  static  charge  uc<|turcd  ia 
only  equal  to  the  intensity  at  the  pole  of  the  battery  whence  it 
i«  derived;  but  its  quautityis  Buormoua,  Uecauae  of  the  immense, 
extent  of  the  Leydou  arraiigeinciit ;  mid  hence  when  the  wire  i«' 
aeparated  from  the  battery  and  the  charge  employed,  it  luu  all 
the  powers  of  a  considerable  voltaic  current,  and  gives  resnltaj 
which  the  best  ordinary  electric  machines  and  Lcydcu  arrongiHi 
mcots  cannot  as  yet  approach. 

That  tbc  air  wire  produces  none  oE  these  effects  is  simply 
because  there  is  no  outer  coating  eorrcspoudeut  to  the  water,  or 
only  one  so  far  removed  as  to  allow  of  no  sensible  induction,  and.! 
therefore  the  inner  wire  cannot  become  charged.     In  the  air  wire 
of  tbc  warehouse,  the  floor,  walls,  and  ceiling  of  the  place  con- 
stituted the  outer  coating,  and  tJiis  waiiata  eongiderablcdifilance; 
and  in  any  case  could  only  affect  the  outside  portions  of  the  ooili 
of  wire.     I  nndentaud  that  100  miles  of  wire  ntrctched  in  a  line 
Ihroiigb  the  air,  ho  un  to  have  its  wtujle  i^xtcnt  opposed  to  earth, 
18  equally  iueflicieut  in  showiug  the  eflecta,  and  there  it  must  be 
the  distance  of  the  inductric  and  inductcous  surfaces  (M83.)j 
combiuwl  witli  tbc  lower  siieoific  inductive  capacity  oE  air,  as 
compared  with  gutta  perchn,  which  cuusea  the  negative  result. 
Ilic  plucnoraeua  altogether  offer  a  beautiful  case  of  the  identity 
of  static  aud  dynamic  electricity.     The  whole  power  of  a  consi- 
derable battery  may  iu  thia  way  be  worked  off  in  acparatc  por- 
tion*, and  measured  out  in  units  of  static  foree,  and  yet  be  em- 
ployed afterwards  for  any  or  every  purpose  of  roltaic  electricity. 
1  now  proceed  to  ftirther  consequence  of  n.s5ociated  static  and 
'  Davy,  Elements  of  Cbcmlcal  Pliilosopliy,  p.  IM. 
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dynamic  effects.     Wires  coKcrcd  with  giitta  prrclia,  and  then  cn- 
doncd  in  tubes  uf  Icoil  or  uf  iruu,  ur  buriiil  in  the  cartb  or  sunk 
in  the  Ka>  exhibit  the  same  pbieaonicua  as  those  tlcscribed  ;  the 
like  static  inductirc  action  being  iu  all  these  cases  perniitted  bj 
tlic  ooDilitiouK.    Such  subtorraucouu  vires  exist  between  LoDdon 
and  Mauche«terj  suti  vhen  they  are  all  connected  together  so  as 
to  Toaltc  one  scries,  offer  above  1500  miles  ;  -which,  as  the  dtijili- 
eationn  return  to  Ijondon,  can  t>c  observed  hy  one  cxpcrimoutcr 
at  intcrvaU  of  about  400  miles,  by  the  introduction  of  galvano- 
meters at  these  returns.     Thia  wire,  or  tlie  half,  or  fourth  of  it, 
presented  all  the  phsnomcua  alreudy  described ;   the  onlv  dif- 
ference was  that  as  the  iusubtiou  was  not  «o  perfect,  the  chained 
condition  fell  more  rapidly.     Consider  7S0  miles  of  the  wire  in 
one  length,  a  galvanometer  a  being  at  the  beginning  of  the  wire, 
n  second  gnlrauomctcr  6  iu  the  middle,  nod  a  third  e  at  the  cud: 
— thcw  three  galvauometers  Iwing  in  the  room  with  the  expert- 
menter,  and  the  third  r  perfectly  connected  with  tlie  earth.     On 
bringing  the  jiolc  of  the  battery  into  contact  with^thc  wire  through 
the  galvanometer  a,  that  tiistniiueut  nriis  iuatautly  affected ;  after 
a  sensible  time  b  was  atfectcd,  and  after  a  still  longer  time  c : 
when  the  whule  1500  miles  were  included,  it  r(-(|uircd  twoaceonda 
for  the  electric  stream  to  reach  the  liwt  instrument.     Again  ; 
all  the  instruments  l>eingdclli?cted(ofcourse  not  equally  because 
of  the  electric  leakage  ulotig  the  line),  if  the  battery  were  cut  off 
at  a,  tliut  instrument  instantly  fell  to  scro ;  but  i  did  not  fall 
until  a  little  while  after ;  and  c  only  after  a  still  longer  iutcrvol; — 
a  current  flowing  on  to  the  end  of  tlic  wire  whilst  there  was  none 
flowing  in  nt  the  bcgiutiing.     Again  ;  by  a  short  tuunh  of  the 
battery  pole  against  a,  it  could  be  deflected  and  could  fall  back 
into  its  neutral  condition, before  the  electric  power  had  reached  6; 
vhich  in  its  turn  would  be  for  cin  institnt  affected,  and  then  left 
neutral  before  the  power  had  reached  c;  a  wave  offeree  hanug 
been  sent  into  the  wire  which  gradually  travelled  along  it,  and 
made  itself  evident  ut  successive  iutcrvala  of  time,  in  different 
parts  of  the  wire.    It  was  even  possible,  by  mljusUxl  touches  of^ 
the  battery>  to  have  two  simultaneous  waves  lu  the  wire,  follow- 
ing each  other,  so  that  at  the  same  moment  that  c  va&  affected 
by  the  first  wove,  a  or  1/  was  affected  by  the  second  j  and  there 
is  no  doubt  that  by  the  multiplication  of  instromeuts  and  close 
attcultoDj  four  or  fire  waves  might  be  obtained  at  oDcc. 
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If  afcer  making  and  hrcaking  hattcnr  contact  a,  a  be  imme- 
diately cDtmcctcd  with  tlii;  uartb,  tlicu  odditioual  iutcrcatiiig 
eftccts  occur.  Part  of  the  electricity  -which  is  in  the  wire  will 
return^  nn<l  passing  through  n  will  deHect  it  in  the  rererae  di* 
rcctioii;  so  thftt  currents  will  Hot  out  of  both  extremities  of  the 
wire  in  opposite  directions,  wliilst  no  current  ingoing  into  it 
from  uny  sourtjn.  Or  if  a  be  quickly  put  to  the  battery  and  then 
to  the  earth,  it  will  show  a  eurrcut  lirat  entering  into  the  wire, 
andthenretumiugoiitofthc  wire  at  the  same  place  j  noscnsible 
part  of  it  ever  travelling  on  to  6  or  c. 

When  an  air  wire  of  eqnal  extent  is  experimented  witli  in  like 
mnnncr,  no  such  cffcels  as  these  arc  perceived  :  or  if,  guiiledby 
principle,  tlic  arrangemeutsare  Buch  as  to  be  BCarcbing,  tlicy  ai-c 
pcrceive<l  only  in  »  very  slight  degree,  and  disappear  in  compa- 
rison with  the  former  gross  results.  The  effcet  at  the  end  of 
the  very  long  air  wire  (or  c)  is  in  the  smallest  degree  behind  tie 
effect  atgaUaiiometer  a;  and  the  accumulation  of  a  chai;gc  in  tlie 
virc  \%  not  sensible. 

All  these  results  as  to  time,  &c.  evidently  depend  upon  the 
same  condition  a?  that  which  produced  the  former  clfcct  of  static 
eliurge,  namely  lateral  induction  ;  and  arc  necessary  consequences 
of  the  principles  of  conduction,  insulation,  and  iiiduettou,  three 
terms  which  in  their  meaning  arc  inseparable  from  each  other 
(Kxp.  lies.  1330.  132G'.  13S8.  loGl.&c).  If  wc  put  a  plate  of 
»hcll-lac  upon  n  gold-leaf  electrometer  and  a  charged  carrier  (aa 
insulated  metnl  hull  of  two  or  three  inches  diameter)  upon  it,  the 
electrometer  is  diverged  ;  removing  the  carrier,  this  divergence 

'  l-'Od.  All  tkcM:  conadoniCioDS  impnise  mv  mind  «li-on^U-  with  thu  oon* 
Titdon,  that  iosulntioD  and  ordinary  (conduction  cnnuot  bu  prupuily  aejjftmted 
when  v#nn  cxaiiiiitiiig  iut<^tk«d>tuitutv;  that  in,  into  lliogpneml  lawotliiw*  , 
undiir  which  tLcir  phcciiaiuQiiia  aroproducod.   Tboj  Appear  tn  me  to  coon^t  in-) 
an  (tction  of  coDlJguuua  jinriiclen,  ili'iutadHiit  on  tint  fi>rvi<MdiM-rlii]ioil  iti  ulHCUicoI 
MeiltfrniTnt ;  thcju  forC'U'  bring  the*  ]inili<!lii«inlniAiitittii  of  tiMiHun  orpoliirity, 
whld)  coiutitutas faot!i  induction  and  vuuftUxou ;  audbi-iti;f  iu  thi.i  ttt&te  the cooi-, 
tiguoua  puliclM  iMva  a  power  i>r  ctipiiliility  or  cuniniuiiiciiting  LliiuKi  for 
onotothoothoT,  by  which  ihvynT*  lowered  and  dinchwrgfe  occur*.   Kvl^^y  hody" 
appe(krstodUoliiir^'f('l-l'l. Sit'T); hut  tlir  pnasi^^imnf  thiitcApitbititjIniiyrtfiito' 
or  maUfT  dtgri^r  in  tlilli.'i'oat  bndies,  ninkus  tli<>ni  bc-tt<ir  or  worse  cundiictor 
wo»eorl»tt*T  insulntir*:  aud  both  tndurtjmi  nnd  criHrfMCtiotinppeartobo  thai 
same  ill  ihcir  piincipk-  nad  nctiim  (IOl'O.),  ox^iit  thnt  in  the  lBttfV,a]icffuCt 
cummcin  Ui  both  in  raised  U)  the  higher  det^mie,  wht-reaa  iu  the  funncr  It  occuNf 
in  the  bo*t  ca«w,  iu  only  (ui  oliuoiit  ia«ciuiblv  fjiinntily, 
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ui8tautl>'  falls;  this  U  tatvlation  and  induction:  if  we  replace  tlio 
«liell-lac  liy  metal,  the  tarrier  causes  tlif  leave*  to  diverge  as  be- 
fore, but  when  removed,  tliouglj  after  the  shortest  jioaaiblc  con- 
tact, the  electroscope  is  left  direi^cd ;  tiiu^t  conduction.  If  n-c 
employ  a  plate  of  spermaceti  instead  of  the  metal,  and  repeat  Lhe 
experiment,  we  find  the  divergence  partly  fallsatid  partly  rcmaius, 
because  the  spermaceti  insolatefl  and  alxo  conducts,  doing  both 
imperfectly ;  but  the  shrlMnc  alao  conducts,  as  is  shown  it 
time  be  allowed ;  and  the  metal  aluu  ohstruoU  conduction,  and 
therefore  insulates,  ast  is  shown  hy  simple  arraugemeDts.  For  if 
a  eup|>er  wire,  7i  feet  in  leiigtli  and  ^^^h  of  an  inch  In  diameter, 
be  in&ulatcd  in  the  utr,  having  its  end  ru  n 
metul  ball ;  its  end  e  connected  with  the 
earth,  and  the  iNtrtx  near  ni  and  e  brought 
within  half  nn  iueh  of  each  other,  as  nC  « ; 
then  an  ordinary'  Leyden  jar  being  chargnd 
sufficiently,  its  outside  connected  with  e  and 
ltd  inside  with  m,  will  give  a  charge  to  the 
wirc,  which  instead  of  travelling  wholly 
through  it,  though  it  l>c  so  exocllcot  a  con- 
ductor, will  pasfi  in  large  proportion  through 
the  air  at  s,  as  a  bright  !«park ;  for  with  such 
a  length  of  wire,  the  resistance  in  it  is  accu- 
mtUatcd  until  it  becomca  as  much,  or  perhaps 
evenmore,  than  that  of  the  air,  for  electricity 
of  such  high  inlt'usity. 

Admitting  that  such  and  similar  experiments  show  that  con> 
diiction  throiig:h  a  wire  is  preceded  by  the  actof  indnction  {1338.), 
then  all  the  pha:uomena  prcacutcd  by  the  subiucrgcd  or  subter- 
ranean vires  are  explained ;  nod  in  thdre-xplanation  oonfinn,  aa 
I  think,  the  principles  given.  After  Mr.  Wheatatone  had,  in 
ISS-t,  measured  the  velocity  of  a  ware  of  electridty  tliroiigh  a 
copper  wire,  and  given  it  us  388,000  miles  in  a  second,  1  said, 
iu  1838,  npon  the  strength  of  these  principles  (1338.),  "  that  the 
velocity  uf  discharge  through  the  aame  wire  may  be  greatly 
varied,  by  attending  to  the  eireurastaaccs  which  cause  variations 
of  discharge  thn)ugh  apermafetior  sulphur.  Thus,  forinstance, 
it  must  vary  with  the  tension  or  intensity  of  the  first  urging 
force,  which  tensijju  is  charge  and  indnction.  So  if  the  two 
ends  of  the  wire  in  Professor  Wlieatjttone's  experiment  were  im- 
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mediately  oonnected  with  two  l&i^  insulnted  metallic  siufaces 
expiMcd  to  tliu  air,  w  tbat  tJic  pi-iinnry  net  of  iuductiou,  aflor 
making  the  contact  for  cliscliargc,  might  be  in  part  removed  from 
tbo  iotcmal  portion  uf  the  wire  nt  the  lir^t  inMnnt,  and  disposed 
fbr  the  moment  on  its  surface  jointly'  nitli  the  air  and  surround- 
ing conductors,  then  I  venture  to  auticipatc  that  the  middle 
spark  would  be  more  rctaixled  than  before;  and  if  these  two 
plates  were  tbe  iimcr  and  outer  coating  of  a  large  jar,  or  a  Lcydcn 
battery,  then  the  retaitliilion  of  tliiitsimrk would  be  still  greater." 
Now  this  is  precisely  liie  cast  of  the  submerged  or  Kubtcrr-^iieous 
wires,  except  that  instead  of  carrying  their  sui'facea  towtu'ds  the 
iiidu«tcou»  coatings  (1-183.),  the  latter  ore  brought  near  tbo 
former  ;  in  buth  cases  the  iaduclion  cooAcqucat  upon  charge, 
instcnd  of  being  exerted  lUmoBt  entirely  at  the  moment  within 
the  wire,  is  to  a  very  large  extent  determined  c^itcrnftlly  ;  and  so 
the  discharge  or  couduclion  being  caused  by  a  lower  tension, 
therefore  requires  a  longer  time.  Hcuce  the  reasou  why,  with 
150U  miles  of  aubterrancoui  wire,  tbo  wave  was  two  seconds  iu 
passing  from  end  to  cud;  whilst  with  the  same  length  of  air  wire, 
the  time  was  almost  Inappreciable. 

With  these  lights  it  is  interesting  to  look  at  the  measured 
velocity  of  electricity  in  wires  of  metal,  ait  given  by  diUcrcut 
experimcaters. 

Miles  perwcaad, 
'  Wheatstono  in  183i,  with  copper  ipiTO  made  it   .     288,000 
'  Walker  in  America  with  telegraph  iron  wire  .     .       18,780 
'  O'MitcheU,  ditto  ditto  .    .      28,53^ 

'  Ftzcau  and  Gonnellc  (cop]>er  wire) 1 12,680 

'  Ditto  (iron  wire) 62,600 

■  A.  B.  G.  (copper)  London  and  BruascU  Telegraph       2,700 
'     Ditto       (copijcr)  Loudon  and  Edinburgh  Telegrapli  7,G00 

Ucrc,  the  difference  iu  copper  la  8e«a  by  the  first  and  fifUi 
result  to  be  above  a  hundredfold.  It  is  further  remarked  in 
Licbig's  report  of  Fisiean'it  n»d44Qnnc11e's  experimuiits,  that  the 
velocity  is  not  proportional  to  the  conductive  capacity,  and  is 
indejicndcnt  of  tile  thickucsj  of  the  wire.  All  these  circum- 
stances and  iucomiKitibilities  appear  rapidly  to  vamsh,  as  we 
recognize  and  take  into  connidci'ation  the  lateral  induction  of  the 

*  Ldebig  and  Kojrp'a  TtTpart,  1800  (traiiiUtetlJi  p.  IDS. 

*  AtlMUnniB.  I'Jth  Jocunn-,  18M, ;.  M.  - 
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wire  carrying  tlic  current.  H  the  rdocity  of  a  bncf  electric  dis- 
ctiat^  is  to  be  nsccrtaiiicd  in  a  given  length  of  wire,  the  stiuplc 
circumstaucM  of  the  latter  being  Ivrincd  round  a  frame  in  small 
»pacc,  or  spread  through  the  air  through  a  large  »paee,  or  od- 
bciing  to  walls,  ur  lyiug  ou  the  ground,  will  niaVe  a  difference 
in  the  rcaulu,  Aad  in  re-gard  to  long  circuits  such  as  tliose 
dcscribcti,  their  condiictiug  power  cannot  be  undcnrtood,  whilst 
no  reference  is  m»dr  to  their  lateral  static  induction,  or  to  the 
conditions  of  intensity  and  quantitT  which  then  come  into  play ; 
oepeeially  in  the  ease  of  short  or  iotcrmittiug  curreat«,  for  then 
static  and  dynamic  arc  coutintiallr  passing  into  each  other. 

It  has  already  been  said  that  the  conducting  jioffcrof  the  air 
and  vater  vires  is  alike  for  a  constant  eiureut.  This  is  in 
perfect  aceordBncc  with  the  principles  and  with  the  deftuito 
character  of  the  electric  force,  whether  in  the  static  or  carrcul  or 
transition  state.  When  a  voltaic  current  of  a  certain  intensity 
is  sent  into  a  long  water  wire,  connected  at  the  further  extremity 
witli  the  earth,  pan  of  the  force  is  in  the  iimt  inRtnoec  occupied 
in  raising  a  lateral  induction  round  the  wire,  ultimately  equal  in 
intensity  at  the  near  end  to  the  iniensit}'  of  the  batterj'  stream, 
and  decreasing  gradually  to  the  earth  end,  where  it  becomes 
notliing.  "NVhilst  this  induction  is  rising,  that  witliiu  the  wire 
amuugst  it<i  |Mtrticie^  is  beneath  what  it  would  ulhcrwl^c  be ;  but 
aa  soon  as  the  first  has  attained  its  inaximora  state,  then  that  in 
the  wire  becomes  proportiouate  to  the  battery  intensity,  and 
therefore  equaU  thai  in  the  air  wire,  in  which  the  same  Ktate  is 
(because  of  the  altscnec  of  lateral  induction)  almost  iustantlv 
attained.  Then  of  course  they  dischai^  alike  and  tbcrcfonT 
conduct  alike. 

A  striking  proof  of  the  variation  of  the  eoudnction  of  a  wire 
by  variation  of  its  lateral  static  induction,  is  given  in  the  expe- 
riment proposed  sixteen  ycaiTt  ago  (1333.).  If,  using  a  constant 
charged  jar,  the  iotcr>~al  s,  page  5 11,  be  adjusted  so  that  the  spark 
shall  freely  pass  there  (though  it  would  not  if  a  little  wider), 
whilst  the  short  connecting  w  ire«  w  and  o  arc  insulated  in  the  aoTj 
the  experiment  may  l)e  repeated  twenty  times  without  a  single 
faibre ;  but  if  after  that,  n  and  o  be  connected  with  the  inside 
aud  outride  of  au  insulated  Leydcn  jar,  as  described,  the  spark 
will  never  pass  across  t,  but  all  the  charge  will  go  round  the 
whole  of  the  long  wire.    AVhy  is  this  ?    The  quantity  of  cicctri- 
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city  ia  the  same,  the  wire  is  the  same,  its  resiatancc  is  the  same, 
and  that  of  the  air  remains  imaUcrcd  ;  bub  because  the  tuteoaity 
is  Lon-crcdj  through  the  lateral  iudtictioQ  momeotarily  allowed, 
it  is  never  enough  to  strike  across  the  air  at  f;  and  it  is  finally 
altogether  occupied  iu  the  wire,  wliicli  in  a  little  longer  time  thaa 
Ijcfore,  cfTects  the  whole  discharge,  fit.  Fizeau  has  applied  the 
same  cjpcdiciit  to  the  primary  voltaic  currents  of  Ithumkorff's 
heautifui  inclueting  apparatus,  with  great  advantage,  lie  thereby 
reduces  the  iutcnsity  of  these  eun-cute  at  the  momcut  whcu  it 
would  be  very  diaath-nntagcou^,  and  ^ves  ua  atitrtking  tDKtnuec 
of  the  advantage  of  viewing  static  and  dynamic  pluenomena  as 
the  result  of  the  same  laws. 

Mr.  Clnrkc  arraiigcxl  a  Itain-V  printing  telegraph  with  threo 
peas,  so  that  it  gave  heautifui  illutitratioua  aud  rceorda  of  facta 
like  those  stated  :  the  pens  arc  iron  wire-t,  under  which  a  baud 
of  paper  imbued  with  fcrro-prussiate  of  potassa  passes  at  a  re-gu- 
lar  rate  by  clock-work  ;  aud  thus  regutai'  liucs  of  prusstaii  blue 
are  produced  wlieiicvt-r  a  ciirrcul  is  transmitted,  uud  the  time  of 
the  current  is  recorded.     In  the  case  to  be  described,  the  thrcu 
Imcs  were  tide  by  aide,  aud  about  0*1  of  an  inch  apart.  The  pen 
m  belonged  to  a  circuit  of  only  a  few  feet  of  wire,  and  a.icpar&tc 
battery;  it  told  whenever  the  contact  key  was  put  down  by  the 
finger;  the  pen  n  was  at  the  earth  end  of  the  long  air  wire,  and 
the  pen  o  at  the  earth  end  of  the  loug  subterraneous  wire;  and 
by  arniuK^ment,  the  key  could  be  made  to  tlirow  the  electricity 
of  the  chief  battery  into  either  of  these  wires,  simultaneously 
with  the  passage  of  the  short  circuit  current  through  pen  m. 
When  pens  m  and  n  were  in  action,  tlie  m  record  was  a  regular 
line  of  equal  thickness,  showing  hy  its  length  the  actual  time 
during  whieli  the  electricity  flowed  into  llu;  wires;  and  the  n 
record  wa«  an  equally  regular  Hoe,  parallel  to,  and  of  equal 
length  with  the  former,  but  the  least  degree  bchitid  it ;  thus  indi- 
cating that  the  long  air  wire  eonveycd  its  electric  current  ahnust 
iuHtantaueouHly  to  the  further  end.     llut  when  peus  im  aud  o 
were  in  action,  the  o  liite  did  not  begin  until  some  time  after  the 
tn  line,  and  it  eoutinucd  after  the  m  lino  had  ceased,  i,  e.  after  tUo 
0  battery  was  ent  ofE.     Furthermore,  it  was  faint  at  first,  grew 
up  to  a  maxiniuiu  of  intensity,  continued  at  tbitt  as  long  aa 
battery  contact  was  eontluucd,  and  tlicu  gradually  dimiuishcd  to 
nothing.     Thus  the  record  o  showed  that  the  wave  of  power 
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took  time  in  the  water  wire  to  reach  the  further  extremitj ;  by 
its  fint  faintnav,  it  thowcx]  that  power  was  mniumod  in  the  ex- 
ertiuQ  of  lateral  ■tattc  inclitrtioQ  along  the  wire;  by  tht:  attain  meut 
of  a  maximum  oud  Xhc  after  equolitr,  it  showed  when  thii  induc- 
tion had  become  proportionato  to  the  iDteasity  of  the  battery 
Cturent ;  by  its  bcfcinutng  to  dimiai«h,  it  showed  when  the  bat- 
tcry  curreut  wua  cut  off  ;  and  its  prolongatiou  and  gnwlual  ditui- 
nutioD  abiiwed  the  time  of  the  outflow  of  the  ttatic  electricit/ 
laid  up  in  the  wire,  aad  the  coosequcitt  regular  falling  of  the 
inducLiou  nhioh  had  been  as  regularly  raiiMxl. 

With  the  pent  m  and  o  the  conrereton  of  &n  iutcrmitting  into 
a  couttnuous  ourrtiit  could  lie  beautifully  shown  ;  the  earth  wire 
by  the  static  inductton  whieh  It  pcnnitt^td,  Hctiiig  in  a  manner 
analogous  to  the  fly-wheel  of  a  stcam-BUpne,  or  the  air-spring  of 
a  pump.  Thun  when  tlic  contact  key  was  regularly  hut  rapidly 
ilcpn»«ed  and  raised,  the  ix;u  in  made  a  scries  of  short  lines 

jar&ted  by  intervals  of  equal  length.     After  four  or  more  of 

ese  had  passed,  then  pen  n,  btdonging  to  the  Bubterrancotu 
wire,  began  to  make  its  mark^  weak  at  first,  tlien  ri^iug  to  a 
inaxlmum,  hut  always  cuutinuuus.  If  the  action  of  the  contact 
key  was  less  rapid,  then  alternate  tfaickcuing  and  attenuations 
appeared  iu  the  a  record  j  and  if  the  introduetiotis  of  the  electric 
currcQtftt  the  one  end  of  the  earth  wire  were  at  still  longer  i\x- 
tenrals,  tlio  records  of  action  at  the  other  end  became  entirely 
Beparated  (injm  each  otlier; — all  showing  most  beautifully,  Itow 
the  individual  currcut  or  ware,  once  introduci;d  iuto  the  wire, 
and  never  ceaaiug  to  go  ouward  iu  ita  cottrM;,  could  lie  affected 
in  its  intensity,  its  time,  and  other  nrcunutances,  by  its  partial 
octmpntion  in  static  induction. 

Oy  other  iirrangeraeutM  of  the  pens  n  and  o,  the  near  end  of 
the  aubtcrraneu!Ls  wire  could  be  connected  with  the  earth  immc 
diatfly  after  )«;|Niratiou  front  the  batten,'  ;  and  then  the  buck  flow j 
of  the  el<.!ctricity,  and  the  tiuic  ami  manner  thereof,  wcrebeaatj-l 
fully  n^corded ;  bnt  I  must  refrain  from  detailing  results  which 
have  already  been  described  in  principle. 

Many  variationo  of  these  cxpcriiueuti  have  been  made  and 
may  ho  devised.  Thus  the  ends  of  the  lusulatcd  battery  liavo 
been  attat^hnl  to  the  cnAi  of  the  long  subterraneous  wire,  and 
then  the  two  lialrcs  of  tlic  wire  have  given  back  oppoiiite  rutiint 
currents  when  connected  with  the  earth.     Id  sttdi  a  case  the 
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wire  is  positire  uid  negative  at  the  two  extremities,  being  per- 
manently sustAiaed  by  it«  Icugtli  and  the  battery,  in  the  same 
couditiou  which  is  given  to  the  *hort  vfirc  for  a  moment  by  the 
Lcydeu  ilischargc,  p.  51't;  or,  fur  an  estreoie  hut  like  case,  to  a 
filament  of  shclMac  having  its  extremities  charged  positive  and 
ucgatii-e.  Coulomb  pointed  out  the  difference  of  long  and  short 
as  to  the  insulating  or  conducting  pover  of  such  filaments,  und 
tiic  like  difference  occurs  with  long  and  short  metal  wires. 

The  character  of  the  phiuuomcna  describe*!  in  this  report, 
induces  mc  to  refer  to  the  terms  inlenaily  and  quantity  as  applied 
to  electricity ;  tenna  which  I  have  had  Buch  frequent  occasion  to 
employ.  These  terms,  or  cquiviilcnta  for  them,  cannot  be  dis- 
[x>used  with  by  those  who  study  both  the  static  and  the  dynamic 
relations  of  electricity ;  every  current  where  there  is  resistance, 
has  the  static  clement  and  induction  involved  in  it,  wliilst  every 
case  of  insuiatiou  has  more  or  less  of  the  dynamic  clement  and 
conduction  ;  and  wc  Lave  seen  thnt  with  the  same  voltaic  sourve, 
the  same  current  in  the  same  length  of  the  same  wire,  gives  a 
different  result  as  the  intensity  is  made  to  vary,  with  variations 
of  the  induction  aronnd  the  wire.  The  idea  of  intensity  or  the 
power  of  overcoming  resistance,  is  as  necessary  to  that  of  elec- 
tricity, either  static  or  eurrcnt,  as  the  idea  of  pressure  in  to 
steam  in  a  boiler,  or  to  air  pa.ssing  thrmigh  apertures  or  tubes  ; 
and  we  must  have  language  coraitcbnit  to  esprcss  these  condi- 
tlous  and  these  ideas.  Furthermore,  I  have  ue>'er  found  cither 
of  these  terms  lead  to  any  mistakes  regarding  electrical  action, 
or  give  rise  to  any  false  view  of  the  ebaraclcr  of  electricity  or  its 
uni^.  I  cannot  find  other  terios  of  equally  useful  significance 
with  these,;  or  any  which,  conveying  ilie  same  idea?,  are  not 
liable  to  such  mumse  as  thcae  may  be  subject  to.  It  would  Ix 
aft'cctation,  therefore,  iu  me  to  search  about  for  other  words  i 
and  Ijcaides  that,  the  present  subject  has  shown  me  more  than 
ever  their  great  value  ami  peculiar  advaiitage  in  electncol  lau- 
Bnngo.  

Tlic  fuse  referred  to  in  page  509,  is  of  the  following  nature. 
Some  copper  wire  was  covered  with  sulphuretted  gutta  pcrcha ; 
after  some  months  it  was  found  that  a  film  of  sulphnret  of 
copper  was  formed  between  the  melal  and  the  cnTclopc;  and 
further,  tbat  when  half  the  gutta  percba  was  cut  away  in  any 
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place,  and  then  the  copper  wire  removed  for  about  J  of  an  incL, 
su  u«  to  remaia  coDnccted  only  by  tlic  tilm  of  sulphuret  od- 
hermg  to  tbe  remaiuing  g^utta  perclia,  an  inteusity  battery  could 
cause  this  autphurct  tu  cuter  iuto  vivid  ignition,  and  iirc  gun- 
jiowder  with  the  utmost  ease,  Gunpowder  was  fired  with 
certainty  at  the  eiid  of  eigbt  miles  of  single  wire ;  and  also 
through  100  miles  of  covered  wire  imnjcrBed  In  the  canal  by  the 
•pse  of  this  fuBC. 
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On  SttUa-roRCom  ElccirO'Tcle(frafih  H'ire$^. 
To  the  Editors  of  the  Pkihsophical  MagaziRe  and  Jmrnal, 

Gbstlemks, 

A  COMMUNICATION  lias  bccu  just  brought  to  my  notice  on  some 
rcmBrkable  jjhBeuomeiia  iJi-eseuted  by  siibtcmuicouii  electro-tolc- 
graph  wires  observed  and  {Icscribcri  by  M,  AVenier  Siemens  of 
Bcrlio,  in  a  commiiiiicatiun  bciiiing  date  April  15,  1830.  They 
arc  the  name  phajnumcuii  us  tLusc  ahowu  to  mc  by  Mr.  Latimer 
Clarke,  and  used  iu  my  communication  (inserted  in  your  Maga- 
ziucfor  March  IH5  t,  \i.  197)  as  illustrations  of  the  truth  of  my  an- 
cient views  nf  the  nature  of  insutatioiij  induction  and  couducliuu. 
It  is  only  Justice  that  I  should  refer  to  tliem  ;  and  I  think  they 
are  so  uiterCBtiug,  that  you  will  he  willing  to  rejiriiit  the  arcoiint, 
very  slightly  abbreviated,  which  I  send  you  :  the  effects  arc  pro- 
duced with  wirea  covered  with  gutta  percha  aud  laid  iu  the 
earth. 

"  A  very  remarkable  yhcuomenon  is  constantly  observed  on 
long,  weU-iusulated  telegraphic  Iinc».  Suppose  one  cstrcmity, 
Ji,  of  tlic  wire  be  iusulutcd,  and  the  other,  A,  bo  coiincetr.d  with 
one  pole  of  a  battery  of  which  the  other  touches  the  earth;  at 
the  instant  of  coramuuieatioii  a  brief  current  is  observed  in  the 
near  parts  of  the  wire  in  the  same  direction  a^  the  instantaneous 
current  which  would  exist  if  the  extremity  B  were  connected  with 
the  earth  ;  on  lincB  of  perfect  jnaulatton  no  trace  of  this  current 
remuius.  Suddenly  replacing,  through  the  action  of  a  commu- 
tator, the  battery  by  an  earth  conductor,  a  second  iustatitjincoua 
current  is  obtaiucd  of  an  intensity  nearly  equal  to  the  firat,  but 
in  the  inverse  direction.  Finally,  breaking  the  eommunication 
of  A  with  the  battery  and  also  the  earth,  so  as  to  insulate  this 
estremiQ',  and  uniting  the  end  B  at  the  same  instant  with  tho 
ground,  an  instantaneous  current  is  observed  nearly  equal  in  in- 
tensity to  the  former,  aud  this  time  in  the  .same  direction  as  the 
firat,  i.  e.  as  the  continuous  current  of  the  battery.  This  lost 
experiment  cau  only  be  made  on  a  double  subterranean  line 
having  tlie  two  extremities  A  and  B  at  the  same  station.  One 
might  at  first  sight  suppose  these  phamomona  to  be  due  to 

1  From  the  rUloMplucid  Uag&ziao  for  Juno  IdfiJ. 
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secondary  polarities  developed  on  the  wire,  bat  many  facte  oppose 
sucb  a  eonoliisirm.  1,  Thu  phaiiumcna  are  more  strilcini;  as  the 
wire  is  better  insulated.  2.  Th«  L'urrunts  arc  much  more  brief 
than  those  due  to  secondarj'  polaritic^i.  3.  Tbeir  iotcosity^  is 
proportional  to  the  force  of  the  battery,  and  independent  of  the 
intensity  of  any  derived  eurrcut  that  may  occur  in  consequence 
of  imperfect  insulation;  it  follows  that  the  intensity  of  the  in- 
RtantaneouH  currentK  can  greatly  sarpau  the  maximum  Intousity 
which  secondur}'  currenta  in  the  aamc  circuit  could  actiuire. 
4w  Finally,  the  intensity  of  the  instantuiieous  currents  is  propor- 
tional to  the  length  of  tlie  vire,  whilst  an  iiiTcnc  rchtion  ought 
to  occar  if  the  currents  were  due  to  seeondnrj*  polariticB. 

"The  phienomcua  are  eaaily  eomprehemlcd  if  we  recall  the 
bcantiful  experiment  by  which  Volta  furaigbcd  the  most  striking 
proof  of  the  identity  of  galvanism  and  etcctrieity.  He  shovretl 
that  on  communicating  one  of  the  ends  of  liis  pile  with  the  cartlij 
and  the  other  with  the  interior  of  a  non-insulated  Leydcn  bat- 
tery, the  battery  was  charged  in  an  instant  of  time  to  a  degree 
proportional  to  the  force  of  the  pile.  At  the  Mime  time  an  iu- 
stantauenns  current  was  observed  in  the  conductor  between  (be 
pile  and  the  battery,  irhidi,  according  to  Rittcr,  had  all  the  pro- 
perties of  an  ordinary  current.  Now  it  is  evident  that  the  sub- 
terraneous wire  with  its  insulating  covering  may  be  assimilated 
exactly  to  an  immense  Lcjden  battery ;  the  gla&s  of  the  jar* 
represents  the  gutta  pcrcliK  ;  the  internal  coating  is  the  snrfaee 
of  the  cupper  wire ;  the  external  surface  is  the  moistened  earth. 
To  form  on  ideo  of  the  cnpncity  uf  this  new  kind  of  liattcry,  we 
hare  only  to  rememlier  that  the  surface  of  the  wire  it  equal  to  7 
sfjiiare  metres  per  kilometre.  Making  such  a  wire  commnnieate 
by  one  of  its  ends  with  a  pile,  of  which  thi*  other  extremity  is  in 
contact  with  the  earthy  whilst  the  other  extremity  of  the  wire  is 
innUatcd,  raubt  cause  thi;  wire  to  tnkc  a  cliorgei  of  the  same  eho- 
racler  and  tension  as  that  of  the  pole  of  the  pile  touched  by  it : 
— that  is  what  came  to  ptH  in  the  first  of  the  inatsntancoas 
curreuta  described.  In  Volta's  experiment,  on  breaking  the 
communication  between  the  pole  and  thi-  battery  and  winnccting 
the  two  coatings  of  the  latter  by  a  conductor,  an  ordinary  dis- 
charge was  obtained  : — to  this  disehai^  correapond  the  two  in- 
stantaneous eiirrpnt8  wliieh  are  obseired  in  opposite  directions 
at  the  two  cxtrumtties  of  the  chai^^  wire,  ou  coDununicating 
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their  extremities  with  the  earth,  to  the  exclusion  of  the  pile.  It 
■will  be  imderstood,  also,  that  the  firat  instantaneous  current, 
namely  that  which  is  connected  with  the  charge  of  the  wire, 
ought  to  be  equally  produced,  though  of  a  lower  intensity,  even 
when  the  other  extremity  of  the  wire  is  in  communication  with 
the  earth.  The  instantaneous  current  then  precedes  the  con- 
tinuous current,  or,  if  the  statement  be  preferred,  is  added  to  it 
at  the  first  moment.  Thu  instantaneous  current  has  an  inten- 
sity much  greater  than  that  of  the  continuous  current ;  doubt- 
less because  in  the  act  of  charging  the  wire,  the  electricity  in 
going  to  the  different  points  of  the  wire  passes  through  paths  so 
much  the  shorter  as  the  points  to  be  charged  are  nearer  to  the 
pile."  The  above  is  from  the  Annates  de  Chimiej  1860,  vol. 
xxii.  p.  398,  &c. 

I  am,  Gentlemen, 

Your  very  faithful  Servant, 

M.  Fabaday. 
Royal  Institution, 
Jprit  28,  1854. 


On  Magnetic  Hypotheaes\ 

Tnis  discourse,  the  purpose  of  which  vas  to  direct  the  fttteutiou 
of  the  audience  to  the  different  hypothetical  attempts  made  to 
account  physically  for  the  known  properties oC  matter  iu  rclstion 
to  it«  magneio-clectrica!  phicnoracnn,  followed  ou  very  naturally 
to  tliat  of  I3r.  Frankland  ou  the  2ud  instant,  vho  then  gave  an 
account  of  the  difEcrent  riews  advanced  by  Dary,  AinpC-re,  mid 
Bcrzclius,  or  the  manner  in  which  electricity  might  be  asso- 
ciated vith  the  atoms  or  molraulcs  of  matter^  so  as  to  account 
for  their  elect ri>- chemical  actions,  and  of  the  logical  and  experi- 
mental ohjrctions  wliidi  stotKl  in  the  way  of  each.     Kcfenuice 
vioA  Brat  made  to  Coulomb's  inveati^tions  of  raatual  magnetic 
octioms;  li>  the  hypothcvts  adrauccd  by  him,  that  two  magnetic 
fluids,  Msociatcd  with  the  matter  of  magnetic  bodies,  would 
account  for  all  the  phienomcna;   and  to  Poisson's   profound 
mathematical  investiRation  of  the  sufficieucj'  of  the  bjiMithesis. 
Then  tilralcd's  discovery  of  the  relation  of  common  magnetism 
to  currents  of  electricity   was   recalled  to  mind  : — hence  on 
cnortnoun  enlargement  of  the  scope  of  magnetic  force  and  of 
our  knowledge  of  its  actions;  and  hence  Ampi-re's  beautiful 
invcfetigfttiout^,  and  hia  hypothesis  (alao  sustained  by  the  highest 
mathematical  investigation), — that  all  magnetic  phenomena  are 
due  to  ciurciits  of  electricity  ;  and  that  iu  such  bodies  its  mag- 
nets, iron,  nickel,  &c.,  the  atoms  or  particles  have  naturaUy 
cairrcnts  of  electricity  running  round  them  iu  one  direction, 
about  what  may  be  considered  as  their  equatorial  parts.    AAcr 
QCrstod's    time,    further    esperiniental    diseoverics    occurred ; 
currents  of  electricity  were  fonnd  cora|>ctent  to  induce  collateral 
currents,  and  magnets  proved  able  to  produce  like  currents; 
thus  showing  the  identity  of  action  of  magneto  mid  currents  ia 
producing  effects  of  a  kind  different  to  ordinary  magnetic  attrao- 
tioDs  and  repulsiom.    Then  diamagnctism  was  discovered,  in 
which  actions  analogous  to  those  of  ordinary   magnctiaui  oc- 
curred, but  with  the  antithesis  of  attraction  for  repulsion  and 
repulsion  for  attraction  ;  and  these  were  so  extensive,  that  what- 
ever bodies  were  not  magnetic  proved  to  be  diamagnctie;  and 
thnsa//matterwaf>brought  under  the  dominion  of  that  magnetic 
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force,  wIiOBO  pliyeioal  mode  of  action  hypotliesiB  endeavours  to 
account  for.  As  the  hypothesis  of  AmpSre  could  not  account 
fur  duimaguetic  action,  some  assamcd  that  magnetic  and  electric 
furce  might,  in  diamagnctio  matter,  induce  cnrrcnts  of  electricity 
in  the  reycrec  dircctioa  to  thoac  iu  mo^cttc  matter ;  or  else 
might  induce  currents  where  before  there  were  aonc;  wherooa 
in  tUHguetic  cases  it  was  supposed  they  only  cowttraiiied  par- 
ticle-eurreuts  to  assume  a  particular  direction,  which  before 
■were  in  all  directions.  Weber  stamU  eminent  as  a  profound 
mathematician  who  has  couGriacd  Ampere's  investigations  od 
far  08  they  proceeded,  and  who  has  made  nn  addition  to  bis  hy- 
pothetical views  ;  namely,  that  there  is  electricity  amonggt  the 
particles  of  matter,  which  is  not  thrown  into  the  form  of  a  cur- 
rent tmtil  the  mu^ctic  induction  comes  upon  it,  but  which  then 
assumes  the  character  of  current,  liaviug  a  direction  the  con- 
trary to  that  of  the  currents  which  Ampere  supposed  to  be 
always  circulating  roimd  magnetic  matter;  aud  so  these  other 
matters  are  rendered  diamaguetic. 

Oe  la  Rive,  who  ha*  recently  most  carefully  examined  the 
varioiut  hypotheses,  and  who  a»  an  experimentalist  and  dis- 
coverer bus  the  highest  right  to  enter  into  the  cuiisidcra'tion  of 
these  deep,  scarchiug,  ami  diflicult  inquiries,  after  recalling  the 
various  phaeiiomeua  which  show  that  the  powers  concemeil  be- 
long to  the  particles  of  matter  aud  uot  to  the  masses  mendy 
(the  former  conferring  them  by  association  upon  the  latter), 
then  distinguishes  magnetic  action  into  four  kinds  or  modes — 
namely  the  ordinary,  the  diamagnetic,  the  iuductioii  of  currents, 
and  the  rotali&n  of  n  ray  j  and  points  out  that  any  acccptalilc 
liypothcses  ought  to  account  for  the  /owe  mode^  of  action,  and 
it  may  be  added,  ought  to  agree  with,  if  nnt  account  for,  the 
plia;iiomena  of  eleclro-chcmical  action  also.  Dc  la  Rive  con- 
ceives that  as  regards  these  modes  of  action  this  hypothetical 
result  may  Ix;  ohtaincd,  and  both  Ampere^  and  Weber's  views 
also  retaiued  in  the  following  manner.  Alt  the  atoms  of  matter 
are  supposed  to  be  endowed  with  clectricij  currents  of  a  like 
kind,  which  move  about  them  forever,  witliout  dimiuution  of 
llteir  force  or  velocity,  being  essentially  a  part  of  their  nature. 
The  direction  of  tlicsc  currents  for  each  atom  is  through  one 
determinate  diameter^  which  may  therefore  be  couHidcred  as  the 
axis.     TrVTicrc  they  emerge  from   the  body  of  the  atom  thcv 
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divide  iu  ftll  dtrccliouB,  nnd  rnunitiK  over  rrcry  part  o£  tlic  aur- 
focc  converge  towunis  tliv  opiKisiuseud  uf  LbeastB  diatnctcr^iind 
there  rc-eiitcr  the  Btom  to  run  ever  tkrutigh  the  Bume  coarse. 
Tlia  oonrcrging  and  diverging  |witilii  are  iia  it  ncrc  pales  of 
force.  Where  tbc  atoms  of  mnttcr  arc  cJose  or  Duiueroiu  in  a 
given  8paec  (nud  chemical  conaidcrations  lead  to  the  admiasion 
of  such  caaes),  the  hrpothcsts  then  admits  chat  several  atoms 
may  cunjoiu  into  a  ring,  fto  tliat  tbrii-  ceacriU  or  axial  currculs 
may  run  one  into  the  other,  and  not  return  us  before  over  tlte 
aiirfnce  of  eacb  ntom :  thc«8  fonn  the  moleculet  of  magnetic 
matter,  and  represent  Ami»cre'«  hypotbcaia  of  molccalar  cnr- 
rents.  Wberc  tbc  atonuit  being  fewer  iu  a  given  apaco,  mre 
further  apart,  or  where,  bcin^t  good  conductors,  the  current  nma 
ta  freely  over  the  kurfaee  as  through  the.  aiis,  then  they  do  uot 
form  like  groups  to  the  moleeulcs  of  magnetio  matter,  but  are 
atill  ronniilered  subject  to  a  Hperiis  of  indttcHoa  by  the  action  of 
external  magnota  and  etUTenta ;  and  ho  give  rise  to  Weber's  rc- 
rcnto  currents.  The  induction  of  momentary  currents  and  the 
rotation  of  a  ray  are  con!<idercd  by  De  la  Hive  as  iu  conformity 
with  fuch  a  supposition  of  the  electric  state  of  the  atoms  &ud 
particles  of  matter. 

It  would  Kcem  that  the  great  variety  of  these  liypotheMi 
aud  their  rapid  iucc:caiiiDn  was  rather  a  proof  of  weokDeat  in 
this  deportment  of  physical  knowledge  than  of  fttrcngth,  and 
that  the  large  Dsaumplious  which  were  made  in  turn  for  each 
should  ever  be  present  to  the  mind.  Even  in  the  most  perfect 
of  them,  i.e.  Do  la  Hive's,  thctw  assumptions  are  very  con- 
siderable; for  it  is  neceaaarj  to  conceive  of  the  molecules  as 
being  flat  or  diac-likc  bodies^  faowerer  numerous  Ike  atoms  of 
each  may  be;  also  that  tho  atoms  of  one  molecule  do  not 
interfere  irith  or  break  up  tbc  disposition  of  those  of  another 
molecule;  nUo  that  elcctro-chemicnl  action  may  consist  witl) 
auch  a  constituted  molecule;  also  that  the  mutire  foir*  of  each 
atom  eurrcnt  is  resident  in  tlic  axis,  and  on  the  otlter  hand 
that  the  passsige  of  the  current  over  tho  surface  offew  resistance; 
for  unless  tliero  were  a  difCcrcuee  between  the  axial  and  tlie  sur- 
face force  iu  one  direction  or  tho  other,  the  atoms  would  liavc 
no  tendency  to  congregate  iu  molecules.  These  remarks, 
however,  arc  uot  to  be  miderstood  in  depreciation  of  hypotlieais, 
or  as  objectious  to  its  right  lue.     No  diaoorerer  could  advuice 
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without  it ;  and  such  exertions  as  those  made  by  De  la  Rive,  to 
bring  into  harmony  thoughts  which  in  their  earlier  forms  were 
adverse  to  each  other,  are  of  the  more  value,  because  they  are 
the  exertions  of  a  man  who  knows  the  value  both  of  hypothesis 
and  of  laws,  of  theory  and  of  fact,  and  has  given  proofs  of  the 
power  of  each  by  the  productions  of  his  own  mind.  Still,  that 
mental  reservation  is  to  be  advocated  which  keeps  hypothesis 
in  its  right  place  and  is  ready  to  abandon  it  when  it  fails ;  and 
as  examples  Newton  may  be  referred  to,  who  (as  is  shown  by 
his  Letters  to  Bentley)  had  very  strong  convictions  of  the  physical 
nature  of  the  lines  of  gravitating  force,  yet  in  what  he  publicly 
advanced  stopped  short  at  the  law  of  action  of  the  force,  and 
thence  deduced  his  great  results ; — and  also  Arago,  who,  dis- 
covering the  phenomena  of  magnetic  rotation,  yet  not  perceiving 
their  physical  cause,  had  that  philosophic  power  of  mind  which 
enabled  him  to  refrain  from  suggesting  one. 
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n  »ome  Points  of  Mtiffnetie  Philofophy^, 

3300.  Within  tlie  laat  tlircc  yenrs  I  have  been  bold  enougli, 
though  only  us  iiii  cxpfrimcutiilist,  to  put  forth  uew  views  of 
lua^cttc  octioQ  in  papers  having  For  titles,  "On  Lines  of  Mag- 
uctic  Force*,"  and  "On  Physical  Lines  of  Maguctic  l-'orec'." 
The  firiit  pnpcr  was  simply  an  nttcmpt  to  give,  for  the  use  of 
es  peri  mental  is  l8  and  others,  a  correct  expression  of  the  ilual 
nature,  amount,  and  direction  of  the  magnctte  pover  both  within 
and  outside  of  nnogneta,  apart  from  anyosaumptiou  rcgardiug  the 
charnctcr  of  the  sourwj  of  the  power  ;  that  the  mind,  in  reasoning 
forward  towartU  new  derelopments  and  discoveries,  might  he  free 
from  the  bondage  and  dulcterious  influence  of  asaumptions  of 
such  a  nature  (3075.  S2-t3.)-  1'bc  second  paper  was  a  specula- 
tion rej^pccting  the  {wssibls  physical  nature  of  the  force,  as 
existing  outside  of  the  magnet  as  well  as  vtthin  it,  and  vtthin 
what  are  ealleii  iiiagiietie  Ijodic*,  aiifl  was  expressly  de^seribcd  as 
being  entirely  hypoihetinal  iu  its  character  (3213.). 

3301.  There  arc  at  present  two,  or  rather  three  general  hypo- 
tiicscs  of  the  physieal  nalnn*  ormn^nctic  action.  Firnt,  that  of 
itthera,  carrying  with  it  the  idea  of  fluxes  or  currents,  and  this 
Killer  has  set  forth  in  a  simple  manuer  to  tlic  nnmntlwraatical 
philosophc^r  in  Iiim  Letters'; — ^iu  that  hyputlict«is  the  magnetic 
tliiid  or  ffther  is  supposed  to  move  in  streams  through  magnets, 
and  al&o  the  xpacc  and  Mibstanccs  aronnd  them.  Then  tlicrc  is 
the  hypothesis  of  two  magnetic  fluids,  which  being  prcaont  in 
all  mugnetii-  linilies,  and  aeeumulatcd  at  the  poles  of  a  magnet, 
exert  attractiouM  and  rcpubioni  upon  |>ortiuns  of  both  fluids  at 
a  distance,  nnd  so  cause  the  attractions  and  repulsions  of  the 
distant  bfKlios  eoiitaiiiitig  tlicm.  Lastly,  there  is  the  hypotbcsia 
of  iVnip^rc,  which  assumes  the  existence  of  clectrieal  currenta 
round  tlie  p.irticlcs  of  magnets,  which  curi-ente,  acting  at  a  di- 
stance upon  other  particles  having  like  currents,  arranges  them 
in  the  masKCt;  tu  which  tlicy  belong,  and  so  renders  such  maues 

'  Vrun.  tbe  t'hilti^i^fibirat  3Jag*nne,  for  Fcbiiuity  1856, 
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eul^oct  to  the  ma^etio  action.    KacU  of  tliese  ideas  is  varied 

more  or  less  by  difforttit  philosophers,  but  the  three  distinct 
Dxprc88ioii«  of  them  which  1  have  juat  given  will  suffice  for  my 
present  purpose.  My  pliysico-hypothctical  iioliou  does  not  go 
90  far  In  nssuuiplion  oa  the  necond  aoid  third  of  tlietc  ideas,  for  it 
does  not  profess  to  say  how  the  magnetic  force  is  oi-iginated  or 
fliutaineil  in  a  ntnguct ;  it  fulU  in  rallier  nith  tlic  first  view,  yet 
docii  not  assume  so  much.  Aeccpting  the  magnet  as  a  centre 
of  power  surrounded  bv  line^  of  force,  whirh,  as  reprcsentants 
of  tLe  power,  are  now  justified  by  matheiualieul  analyal*  (3302.), 
it  views  these  lines  as  phys'tcai  lines  of  power,  essential  both  to 
the  exi.'itcDcc  of  the  force  within  the  uiiiguct,  and  to  its  con- 
veyance to,  and  exertion  upon,  mtiguetie  bodies  at  a  distance. 
Those  who  entertain  in  any  degree  the  »thcr  notion  might  con- 
sider these  lines  a&  currents,  or  progressive  vibrations,  op  as  sta- 
tionary undulations,  or  as  a  stale  of  leuaiou.  For  many  reasons 
they  should  be  contemplated  round  a  wire  carrying  an  electric 
current,  as  welt  ax  when  iaduiu»  from  a  magnetic  pole. 

3302.  Tlie  atteuLiou  of  two  very  able  men  and  eminent  raatlic- 
maticians  has  fallen  upon  my  proposition  to  represent  the  mag- 
netic puwur  by  lines  uf  magnetic  force;  and  it  is  to  mc  a  souroo 
of  great  gralilii^itiun  and  much  eucouragemeut  to  find  tbat  tbcy 
affirm  the  truthfuUiesa  aud  generality  of  lUe  method  of  repre- 
sentation. Professor  W.  Thuinaou,  in  referring  to  a  like  view 
of  lines  of  force  applied  to  static  electricity  {i'UMo.  1301.),  and 
to  Fourier's  law  of  motion  for  heat,  says  that  the  lines  of  force 
give  tliG  same  mathematical  results  as  Coulomb's  theory,  and  by 
more  simple  processes  of  lumlysis  (if  possihle)  lliau  the  latter"; 
and  afterwards  rt-fcrs  to  the  "  strict  foundation  for  an  analogy  ou 
which  the  condacCtnij  jiowtr  <jf  a  matpielic  medittm  for  lines  of  force 
may  be  spoken  of."  Van  ileca  has  published  a  mathomatical 
paper  on  my  lines  of  force  in  Dutch',  whicb  haa  been  transferred 
into  Poggeudorff'8  Annalfm*,  and  of  which  1  have  only  a  very 
imperfect  knowledge  by  translated  abstracts.  He  objects,  as  I 
understand,  to  wbat  I  may  cull  the  physical  part  of  my  view  as 
assigning  no  origin  for  the  lines,  and  as  not  presenting  the  higher 

'  Phil.  Msg.  IS-W,  vol.  viii.  p.  r^ 
'  Ibitl,  p.  StI. 

'  Tran*.  Koyal  Acad.  Sciooces  of  jVmsterdsm,  1854,  p.  17. 
*  V<i^jpiaAanit»  AHualcu,  Itiu^,  vol.  xc.  p.  115. 
vob.  111.  2  u 
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principle  conrcyod  by  the  idea  of  mn^etic  fluids  or  of  electric 
CDrrents :  be  snv  it  docs  not  displace  tlic  old  tlieories,  or  render 
them  Bnpcrflaous ;  but  I  think  1  am  right  ia  bcUcriug,  that,  bs 
far  u  the  lines  arc  tnkcn  to  be  representations  of  the  power,  he 
aocopta  them  a«  correct  representations,  evcu  to  the  full  extent 
of  the  hypotheses,  either  of  magnetic  fluids  or  electric  currents. 
It  was  always  my  intention  to  mmd  substituting  ouythiug;  in 
place  of  these  ftnids  or  currents,  that  the  mind  might  be  deli- 
rercd  from  the  bondage  of  preconceived  notions ;  but  for  those 
who  desire  an  idea  to  rest  upon,  there  is  the  old  principle  of  the 
sethers. 

3&03.  The  encourtigcmrnt  I  derive  from  this  apprcoiatiou  fay 
mathematicians  of  the  mode  of  Hgunng  to  one's  self  the  miignetic 
forces  by  lines,  cniholdens  me  to  dwell  a  little  more  upon  the 
further  point  of  the  true  but  unknown  natural  magnetic  action. 
Indeed,  what  wc  really  want,  ia  not  a  rariety  of  difierent  methods 
of  representing  the  forces,  hut  the  one  true  physical  sLpiiSi^tion 
of  that  irMch  is  rendered  Bp]>arent  to  us  by  the  phsnoracns,  and 
the  laws  governing  them.  Of  the  two  assim]ptions  most  ustunlly 
entertained  at  jireacnt,  magnetic  fluids  and  electric  currents,  one 
must  he  wrong,  perhaps  both  arc ;  and  I  do  not  pCTCeivo  that  the 
mathematician,  crcn  though  be  may  think  that  each  contains  a 
higher  principle  than  any  I  have  ndranccd,  can  tell  the  true  iroxa. 
the  false,  or  say  that  either  is  true.  Neither  of  these  ricvs  oonid 
have  led  the  mind  to  the  phicnomcna  of  diamognetism,  and  I 
tliink  not  to  the  mngnctie  rotation  of  li^ht;  and  I  suppose  that 
if  the  question  of  the  possibility  of  diamagnetic  phKUoraena 
could  liJire  Im^to  asked  bcfon-hand,  a  malhRmatician,  guided  by 
cither  hypothesis,  must  have  denied  that  possibility.  The  notioa 
that  I  have  introdaced  complicates  the  matter  atill  further,  for 
it  ia  incouBifitent  with  cither  of  the  former  \*icws,  so  long  as  they 
depend  exclusively  upon  action  at  a  distance  without  inter- 
mwliation  ;  and  yet  in  the  form  of  line^  of  force  it  rcpreacnta 
magnetic  actions  truly  in  all  that  is  not  hypothetical.  So  that 
there  arc  now  three  fundamental  notione,  and  two  of  them  at 
least  must  be  impossible,  i.  e.  untrue. 

330t.  It  is  evident,  therefore,  thnt  our  physical  views  arc  very 
doubtful ;  and  1  think  good  would  result  from  an  endeavour  to 
shake  ourwivcs  loose  from  such  preconccptioas  as  are  contained 
in  tbmi,  that  we  may  contemplate  for  n  time  the  force  as  mudi  as 
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possible  in  its  parity.  At  present  ire  cannot  tliink  of  polarity 
without  fcfUiig  ourselves  drawu  into  one  or  the  other  of  the  two 
hypotheses  of  the  origin  of  polar  powcra  ;  and  as  mathematicat 
considerations  cauuot  give  a  decision,  we  feci  as  if  the  suhject 
were  in  that  Muue  doubtful  condition  which  hun^  over  the  cou> 
flicting  theories  of  light  prior  to  the  researches  of  modem  time; 
bat  as  there  the  use  of  Whcatstone's  reflector,  combined  with 
Anigo'H  suggestion  of  a  deeisive  esperiment,  and  its  rcalizntioa 
by  Leon  Foueautt,  appear  to  have  settled  that  question,  ko  wcmay 
Iiope  hy  a  due  «\ertion  of  judgment,  united  with  cxporimeut,  to 
obtain  a  rcsotution  of  the  magnetic  difficulty  also. 

33(Xi.  If  wc  could  tell  the  disposition  of  the  force  of  a  ma^et, 
first  at  the  place  of  its  origin,  and  next  in  tlic  space  around,  we 
should  then  have  attained  to  a  very  important  poaitiou  in  the 
pui-suit  of  our  subject;  and  if  we  could  do  that,  assuming  little 
or  nothing,  thcu  we  should  be  in  the  very  best  condition  for 
carrying  the  pursuit  further.     Supposing  tliat  wc  imagine  the 
magnet  a  sort  of  suu  (as  there  is  every  reason  to  believe  that  the 
sun  is  a  magnet)  polarized,  with  antithetical  powers,  ctct  filling 
all  space  uroiind  it  with  its  curved  beams,  as  cither  the  sun  or  a 
candle  filU  Kpnce  with  himimiuK  rB})!; ;  and  supponing  that  such 
u  riew  tnketi  ci^ual  position  with  fith^^r  of  the  two  former  views  in 
rcprcicnting  truly  the  disposition  of  the  forces,  and  that  motho- 
matieal  coiuidcratious  cannot  at  present  decide  which  of  the 
three  views  is  cither  above  or  inferior  to  its  co-rivals ;  it  surely 
become^  neccssajy  that  physical  reasouiug  should  be  brought 
to  hear  upon  the  snbjert  as  largely  as  possible.     For  if  there  be 
such  physical  lines  of  magnetic  force  as  correspond  (in  liaring 
a  real  existence)  to  the  rays  of  light,  it  does  not  eeeni  so  very 
impossible  for  nipcriment  to  touch  them ;  and  it  must  he  very 
important  to  obtain  an  answer  to  the  inquiry  respecting  their 
existence,  especially  as  the  answer  is  likely  enough  to  be  in  the 
nlSrmative.      I  therefore  purpose,  without  asserting  anything 
regarding  the  physical  hypothesis  of  the  magnet  more  strongly 
than  before  (32D!).),  to  call  the  attention  of  cxjicrimcntcrs,  in 
a  somewhat  desiiltnry  manner,  to  the  subject  again,  both  as 
respects  the  defii^icncy  of  the  present  physical  ticwb  and  tho 
possible  existence  of  lines  of  physical  force,  eonccntrating  the 
,  olwervations  I  may  have  to  make  about  a  few  points — as  pnlarify, 
[liuality,Scc.,SA  occasion  may  best  serve;  and  1  am  eneoursged  to 
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make  tliis  cndcaTour  by  the  following  considerations.  1.  The 
coiilinnatiou  hy  luathcniaticianfl  of  tlie  tnitlifiilnp«»  of  the  ab- 
Btran  lines  of  force  iu  representing  the  direction  and  amount  of 
the  magnetic  power  ;^2.  ^[yoirn  poniona]  adrantageous  xac  of 
the  line*  oil  unmeroua  occasions  [317-1.)  j — 3.  The  close  analogy 
of  the  magnetic  force  and  Ihn  other  dual  powers,  pithrr  in  the 
static  or  dynamic  state,  and  especially  of  the  mapict  with  the 
voltaic  battery  or  any  other  sustaining  source  of  an  electric  cur- 
rent ; — 1.  Euler's  idea  of  Diagiietic  tettiers  or  circuliitiiig  tluida  ; 
—4.  Tlie  strong  couvietton  expressed  by  Sir  Isaac  Newton,  that 
even  gravity  cannot  be  carried  on  to  produce  a  distant  effect 
cxccjtt  l)v  some  interposed  agent'  fnltilliii^  the  conditiona  of  a 
physical  line  of  force ; — 6.  The  example  of  the  conflict  and  final 
experimental  settlement  of  the  two  theories  of  light. 

S306.  I  believe  that  the  use  hy  mo  of  the  phra«!  "places  of 
force"  has  been  considered  by  some  as  objectionable,  inasrouch 
as  it  would  seem  to  anticipate  the  decision  that  there  are  physical 
lines  of  force.  I  will  endeavour  bo  to  use  it,  if  necessary,  as 
not  to  imply  the  asacrtion.  Nevertheless  I  may  observe,  tliat 
wc  use  *uch  a  phrase  in  relation  to  a  ray  of  light,  oven  in 
those  parts  of  the  ray  where  it  is  not  extliiguiahetl,  and  where 
therefore  we  have  no  better  knowledge  of  it  or  its  cxisteuce 
than  in  similar  ma^etic  cases ;  ami  we  also  use  the  phrase  when 
spending  of  gravity  in  respect  of  places  where  no  second  body  to 
gravitate  upon  is  present,  and  nilicrc,  when  existing,  it  cannot, 
according  to  our  present  views,  cause  the  gravitating  force  of 
the  primary  body,  or  even  the  determination  of  it,  upw  that 
particular  place. 


Magnetic  polar  it g. 
3307.  The  meaning  of  this  phrase  is  rapidly  becoming  more 
and  more  unccnain.     In  the  ordinary  view,  polarity  does  not 

'  Nowton  Myn,"  That  gravity  should  bo  Inaato,  lolMrnDt,  aod  mmdIiaI  t» 
natter,  so  lliat  om  bodj  inay  act  upon  uiotlier  at  a  distaucu  tlirough  a 
fwmrin,  witlimit  tlto  moiliBtioii  orttojrtiimg  site,  by  and  through  wlu<th  Uwir 
aeUoo  and  foK^  mnv  be  coDVpjred  from  one  to  (uiotk«i,  is  to  in«  so  gn*l  an 
absurdily,  tbnt  I  Imliove  uo  man  who  hsa  ia  pLUoacipliical  malt«n  ■  con- 
petent  faculty  of  cbiQkuig  caa  hv^t  fnll  iota,  (travitjr  mutt  b«  esiued  by  aa 
■^iit  Acting  constantly  occor^g  to  c«ituB  laws ;  but  whuther  Ihia  n^iri-ut  bo 
malorinl  or  iaiumloriftJ  I  have  IvCl  ta  tb«  cooudetation  of  my  readuis."  See 
tbo  third  lultcr  to  Bentley. 
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necessarily  touch  much  npon  the  idea  oE  line*  of  physical  force ; 
yet  in  (he  oiw.  natiirnl  trulli  it  must  cither  be  cssciUiKl  to,  aud 
itlcntifictl  with  it,  or  else  absolutely  incompatible  with,  and 
opposed  to  it.     Coulonih'5  ricw  makes  polnrity  to  rlcprnd  upon 
the  resultant  ia  direction  of  the  action  of  two  sRparatnd  and 
(listnnt  portions  of  tiro  nrngnetic  fluids  upon  other  like  separated 
portions,  which  are  either  orig'inally  separate,  as  in  n  magnet,  or 
are  iudueed  tu  separate,  as  in  soft  iron,  by  the  action  of  the 
dumiiiaut  magnet; — it  is  citsrntial  to  thi?*  hypothesis  that  the 
polarity  force  of  one  name  shnnld  repel  polarity  force  of  the  same 
name  and  attract  that  of  the  other  name.     Ampere's  view  of 
polarity  is,  that  there  are  no  magnetic  fluids,  but  that  closed 
current*  of  electricity  can  exist  round  particles  of  matter  (or 
round  masses),  and  that  the  known  experimental  dilTerence  on 
the  opposite  sides  of  these  currcnbt,  nhown  by  attraction  and 
rcpulaiou  of  other  currents,  constitutes  polarity.    Ampere's  ricw 
i»  modified  (chiefly  by  addition)  iti  vurioiie  ways  by  Weber,  De 
la  Rive,  Mntteucei,  and  others.    Afy  view  of  polarity  is  founded 
upon  the  character  in  direction  of  the  force  itself,  whatever  the 
cause  of  that  force  may  be,  and  asserts  that  when  au  electro* 
conducting  body  moving  iu  a  constant  direction  nearer  between 
bodies  acting  magnetically  on  tbenisdvca  or  each  other,  has  a 
current  iu  a  conatant  direction  produced  in  it,  the  mnguetio 
polarity  is  the  same ;  if  the  motion  or  the  ciirrent  be  reversed,  the 
contrary  polarity  is  indicated.     The  indication  is  true  cither 
for  the  c.\tcrior  or  the  interior  of  magnetic  bodies  wheneTcr 
the  electric  current  is  produced,  and  depends  upon  the  nnknown 
hut  essential  dual  or  antithetical  nature  of  the  force  which  we 
call  magnetism  (3154.). 

3308.  The  numerous  moniiings  of  the  term  polarity,  and 
varioUH  interpretations  of  polarity  iiidieations  at  present  current, 
show  the  increasing  uncertainty  of  the  idea  and  the  word  itself. 
Some  con^dcr  that  the  mere  set  or  attraction,  or  ci*en  repulsion, 
shown  by  a  body  when  subject  to  a  dominant  magnet  is  suiiicicut 
to  mark  polnrity,  and  I  think  it  is  as  good  a  test  ns  any  more 
refined  arrangement  (2fiy.'i.]  when  the  old  notion  of  polarity  only 
is  under  considcrution.  Others  require  that  two  bodies  iiudcr 
the  power  of  a  dominant  magnet  should  by  their  actions  show 
a  mutual  relation  to  each  other  before  they  can  he  eoneidercd 
as  polar.    I^'odaUj  without  meaoiiig  to  include  any  idea  of  tho 
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nature  of  the  magnetic  force,  takes  Iiis  type  from  eoft  iron,  »nd 
considers  that  any  body  prcscutiug  the  like  or  the  UDtitheticol 
phiCQonictia  wliit'h  buch  iron  would  prest'ut  under  magnplic  tictiwi, 
is  ill  a  like  or  antithetical  state  of  polarity'.     Thoojson  doc«  not 
view  two  bodies  wliicli  present  these  antithetical  poaitions  or 
phtcnomcna  as  Ijcing  necessarily  the  reverse  of  c»ch  otUer  in 
what  may  he  called  their  polar  states',  hut,  I  think,  looks  more 
to  differential  action,  and  in  tlu»t  approcwhca  towards  the  views 
Hold  gcnemlly  by  E.  Becqticw?!  and  myself.    Mntteucci  iwnsidera 
that  tJhe  wholi!  mass  of  the  jiolar  body  ought  to  be  in  (lej[)cndeucc 
liy  its  particles  om  a  mass  of  iron  is,  and  that  a  solution,  of  iron 
and  certaiji  salts  of  iron  have  not  poles,  properly  spcakiny,  but 
that  at  the  nearest  points  to  the  dominant  pole  there  U  the  con- 
trary magnetism  to  that  of  the  pole,  auironnded  by  the  same 
magnetism  as  of  the  pole  in  the  further  part,  the  two  end»  of  a 
bar  of  such  matter  between  two  dominant  jKjle^  having  no  rela- 
tion to  each  other*.     Beequcicl  considers  that  polarity  may  in 
certain  caae»  occur  transTcrse  to  the  length,  and  so  produce  re- 
■ulta  which  others  explain  by  reverse  polarity.    The  tiews  of  very 
many  parties  always  iBcludc  the  idea  of  the  Ronroe  of  the  polar 
Rctiou,  whether  that  Im*  supposed  to  dqiend  on  the  occnmulation 
of  magnetic  fluids  at  the  chief  )K)Ic£  of  the  dominant  magnet,  <n- 
the  action  of  electric  currents  in  a  determinate  position  around 
its  molecules;  and  aueli  views  arc  adhered  to  cixn  when  the 
polarity  induced  is  of  the  reverse  kind,  as  in  bismuth,  &c.,to  that 
of  the  indnctng  magnet.     Others,  like  Weber,  add  to  Ampere's 
hypothesia  an  idea  of  electricity,  loose  as  reganls  the  particles, 
though  inseparably  a»4ociated  with  the  mass  of  the  body  under 
induction.     Some,  I  think,  make  the  polarity  not  aJtof;ethcr  de- 
pendent upon  the  dominant  magnet,  but  upon  the  neiglibouring 
or  surrounding  substances;  and  I  propose,  if  the  physical  linos 
of  force  should  hereafter  be  justified,  to  make  that  which  is  com- 
monlycalted  ]>olarity,  in  distinction  from  the  true  jiolarity  (3307.) , 
dependent  upon  tlic  cur%-aturc  ot  liucs  of  force  due  to  the  better 
or  worse  mnguctO'COuductiou  power  of  the  snbetancca  presenting 
the  usual  polar  pbrnomcna  (^818.). 

8S09.  The  views  of  polar  action  and  of  mognctism  itself,  as 

'  AthrOBuni,  No.  HOG,  p.  ISOS. 
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fonncrlj  cntcrtAinccI,  Iiave  been  poverfally  agitated  by  the  tlt»- 
corcry  06  diamagnctism.  I  was  soon  driven  from  my  lirst  sup- 
position, that  the  N  pole  of  a  magnet  induced  like  or  1^  polarity 
in  the  near  part  of  0  piece  of  bwmuth  or  phot«phoru9 ;  but  ns 
that  view  has  been  sTwtained  by  very  emiaent  men,  who  tie  up 
with  it  the  KxistcTico  of  magnetic  flnitls  or  closed  electric  currents 
OB  the  nourcc  of  magnetic  power,  it  cliums  continued  esami- 
natiou,  for  it  vill  moot  likely  be  a  touclutone  niid  developer  of 
real  scientific  trutd,  wliicbevcr  way  the  arguments  may  T)revail, 
To  me  the  idea  appear* to  involve,  if  not  magnetic  impossihilitics, 
at  least  great  coutnuliction  and  much  confusiou,  some  of  trhicb  I 
proceed  to  state,  but  ouly  with  tbe  desire  of  eluciilating  the  gcnci'al 
subject. 

3310,  If  an  ordinary  magnctjM,  fig.  1, 
acting  upon  a  piece  of  iron  or  other  para- 
magnetic matter  I,  renders  it  polar  by         m         b_b       c 
throwing  its  near  end  into  the  contrary     [■*        ^     ^_     •— -J 
or  S  state  in  the  manner  usually  tinder-  TT 

stood,  nud,  acting  upon  a  like  piece  of 

diamagnctic  matter  as  bismutli  It,  rcndeni  it  also  polar^  but  witti 
the  near  cod  in  the  same  state ;  then  11  and  I  arc  fur  the  time 
two  magnets,  and  must  act  back  upon  the  mftjpiet  M ;  or  if 
they  could  be  made  able  to  retain  tlicir  states  after  M  in  reniuvcti 
(and  that  in  the  case  with  I),  would  act  as  magnets  upon  a  thin! 
piece  of  magactic  matter  as  C.  When  51  acts  ujion  I,  it  exert* 
its  influence,  according  to  the  received  theories,  uijou  all  tho 
particles  of  the  latter,  bringiug  them  into  like  polar  |>o»itiou 
with  itself,  and  these,  consistently  with  the  simple  assumption, 
act  alHo  upon  each  other  as  particle  magnets,  and  exalt  tbe 
polarity  of  the  whole  mass  in  its  two  exttemities.  In  like  miinncr 
M  should  act  ui>oiL  B,  ixilariziug  the  mass  and  all  its  particles ; 
for  the  purticlea  of  the  diamagnetic  body  B,  creu  to  tlie  smidlest, 
must  he  operated  upon ;  and  we  know  experimentally,  that  a  tube 
filled  with  powdered  bismuth  acts  as  a  bar  of  the  metal  docs. 
But  then,  what  is  the  mutuni  action  of  these  bismuth  particles 
on  each  other  ?  for  though  all  may  be  suppoitcd  to  have  a  reverse 
polarity  to  that  of  M,  they  cannot  in  that  case  be  reverse  in  re- 
spect of  each  other.  All  must  have  like  polarity,  and  the  N  of 
one  particle  must  be  opposed  to  the  S  of  the  next  particle  in  the 
polarity  dircctiou.    That  these  p articles  act  ou  each  others  must 
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be  true,  and  TyudaJl's  reaulta  on  tlic  effect  of  compression  hare 
proved  tliat  by  tlic  right  naeann,  namely  ciperimcDt.  If  they 
were  EUpiiused  to  have  no  »uch  action  on  each  other,  it  would 
be  in  contradiction  to  the  essential  natarc  of  magnetic  action, 
and  there  would  remain  uu  reason  to  think  thni  the  nia^ct  it«elf 
could  Qet  on  the  particles,  or  ttic  jiarticles  rcnct  on  it.  If  ther 
acted  on  each  other  as  tlie  magnet  is  supposed  to  act  on  them, 
i.e.  to  induce  contmiy  poles,  then  the  po»cr  of  the  magnet  irould 
bo  nullified,  and  the  more  effectually  the  nearer  the  particles 
were  together:  whereas  Trndall  has  shown  that  the  bisronth 
magnetic  c^inditiou  is  exalted  hy  such  vicinity  of  the  particles, 
and  hence  wc  have  n  further  right  to  conclude  that  they  do  act 
on,  or  influence  each  other,  to  the  exaltation  of  the  state  of  the 
mass.  But  if  the  N-nru  of  or.c  particle  cont»]iundB  to,  and  aids 
in  sustaining  and  exalting,  the  S-ncss  of  the  ucit  particle,  tho 
whole  mass  must  have  the  same  kind  of  force  ;  6o  that,  as  a  mag- 
net, its  polarity  must  hare  the  same  kind  of  polarity  as  that  of 
tho  particles  themsetves.  For  whether  a  ]iarticle  of  bismuth  be 
conaidcred  as  acting  u|)on  a  ncighhouring  particle  or  upon  a 
distant  particle  of  bismuth,  or  whether  a  moss  of  particles  lie 
considered  as  acting  on  the  distant  particle,  the  action  in  both 
cases  muBt  be  precisely  of  the  same  kind. 

3311.  But  why  should  a  potartzeil  particle  of  bismuth  acting 
upon  another  particle  of  bismuth  produce  in  it  Ukc  polarity,  and 
with  a  particle  of  imn  prudnce  a  conti-ar^'  iwlarity?  or  why 
should  masses  of  bismuth  and  iron,  when  they  act  as  magnets 
(3310.),  produce  such  different  cffecta  ?  K  sneli  were  the  case, 
then  the  N  \w\c  of  a  parnmagnetic  body  would  induce  an  S  pole 
on  the  near  end  of  au  iron  rod,  whilst  the  N  pole  of  a  diamag- 
netie  body  would  produce  a  pole  eontrary  to  the  former,  i.e.  an 
Npolc  at  the  same  end  of  tbc  iron  rod  in  llie  same  position  and 
place.  This  irould  be  to  assume  two  kinds  of  mngnrtism,  t.  r. 
two  north  fluids  (or  electric  currents]  and  two  couth ;  and  the 
northucjs  of  biamntli  would  differ  from  the  northness  of  iron  as 
much  89  pole  from  pole.  Still  more,  the  nortbiies!*  of  hismnth 
and  the  soutlincsa  of  iron  would  be  found  to  have  exactly  like 
qualiticH  in  all  pointH.  and  to  differ  in  nothing  hut  name;  and 
the  suuthnesN  of  bismuth  and  northness  of  iron  would  abto 
prove  to  hu  abstjlutely  aUkc.  \Vhnt  is  this,  in  fact,  but  to  aay 
they  are  the  same  ?  and  why  should  we  not  accept  the  confirma- 
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tion  and  uufailiufr  proof  that  it  i»  so,  which  is  gircn  to  oa  expfr- 
rimcntftlly  by  the  moving  wire?  (3307,  3356.) 

3-'Jl2.  If  we  cmplny  a  miipiet  as  the  originally  inducing  liodyi 
(■'{•llO.},  aad  CQtertaiti  the  idea  of  magtictic  lliiids  nccitniulntcd' 
at  the  pules,  which  act  hy  their  poner  of  attracting  each  other, 
hut  rcj>elliiig  their  like,  then  tlic  iticoiisUteiiey  of  !>;i|ipoHin^  that 
the  noiih  fluid  of  a  given  pole  can  attract  the  uorth  iluid  ut'  od( 
body  mid  the  south  Huid  of  aiiolhcr,  or  that  the  uorth  nnd  »outh 
fluid  of  the  doniiimiit  maguet  can  atlruel  one  and  the  same  fluid 
in  hismuth  and  in  iron,  &c.,  i*  very  mtiuife«it.  Or  if  we  aet  hya 
solcuoid  era  hehx  of  eojijiei'  wiiv  eurr^'iug  an  electric  current 
instead  of  a  majriict,  and  find  that  analogous  effects  ai-e  produced, 
arc  nc  to  admit  at  oucc  that  the  electric  currents  in  it,  acting 
upon  the  assumed  electric  circuits  round  the  particles  of  mattep, 
sometimrii  attract  them  on  the  one  side  and  i^onietimes  on  the 
other?  or  if  nuch  hoilics  qn  hinmuth  and  plalinnm  arc  put  into 
such  a  helix,  are  we  t«  allow  that  currcntjt  in  opposite  directions 
are  induced  iu  them  by  ouc  aud  the  same  inducing  condition? 
uud  thnt,  too,  when  all  the  other  phienomena,  and  theiv  arc 
many,  point  to  a  nuifonnity  of  action  as  to  direction  with  a  varia- 
tion only  in  power. 

Media. 

3313.  Let  us  now  consider  for  a  time  the  action  of  different 
tnetlia,  and  the  evidence  they  give  in  icspeet  of  polarity.  If  a 
weak  aohition  of  protosiitphatc  of  iron ',  m,  he  put  into  a  sclcrtcd 
thin  glu»i  tube  about  an  inch  long,  and  one-third  or  one-fourth 
of  on  inch  iu  diameter,  and  scaled  up  hermetically  (2279.)  j 
and  he  then  suapcndcd  horiz-ontnlly  between  the  ningnetic  pole 
in  the  air,  it  will  point  asinlly,  and  heh.ivc  in  other  respects  H^ 
iron;  if,  iuAtcad  of  air  between  the  potcsj  aitolutiou  of  thcaamc 
kind  as  m,  but  a  Uitlc  stronger,  ii,  he  substituted,  the  solution  in 
the  tube  will  poiuC  equator lally,  or  as  hismuth.  A  like  sulutioii 
aomi^what  weaker  than  ni,  to  be  called  f,  enclosed  in  a  similar 
tube,  will  behave  like  hismuth  in  air  hut  like  iron  in  water. 
Kow  these  are  precixcly  the  aetiuus  whieh  hrivt-  been  uttrihuted 
to  polarity,  and  hy  which  the  assumed  reverse  polnritiea  of  para- 
magnetic and  diamagiietic  bodies  have  been  couBidci-ed  as  eala- 

'  Let  /  coutoiu  4  fci':iiu9,  m  S  vniim,  n  10  praiu^,  tuid  o  82  graias,  of 
crrstallinxl  jirot03ul[ihatc  of  itoa  iii  i-nch  cubic  inch  uf  wutcr. 
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bUtbcd ;  'but  irliea  cxamuicd,  how  vill  ideas  of  polarity  applj  to 
these  cnwH,  or  they  to  it?  The  iolnUooi  /  poiots  and  acts  like 
bismuth  in  air  and  like  inm  in  water;  are  wo  then  to  cunclaile 
that  it  baa  rCTcrtc  pulurily  in  tiie&e  cases?  aod  if  so,  what  arc 
thcTcaaoiu  aod  cauBea  for  such  a  aiugular  contrast  in  that  wbidi 
mnsi  be  considered  as  depeudcut  upoa  its  internal  or  molecular 
-atate? 

3314.  Id  the  first  place,  no  waut  of  magnetic  continuity  of 
parts  can  bare  anything  to  do  with  tbe  invprRion  of  tht*  pbteuo- 
mcQa;  for  it  has  bt-t-ii  sltowuHuJfideutty  by  former  (■xpcrimptits', 
that  euch  aolutiuns  arc  as  ma^ctically  continuooa  in  character 
lift  irou  itbelf. 

3315.  In  the  next  place,  I  think  it  i»  imposstbtc  to  say  tbut 
the  medium  intcrjKKcd  between  the  ma^et  and  the  suspended 
erliuder  of  fluid  can  cut  off,  or  in  any  way  affect  the  direct  force 
of  the  former  on  the  latter,  ao  as  to  ebaugc  tbe  direction  of  ita 
iiitrmal  polarity.  Let  tbe  tube  be  filled  with  the  solution  m, 
thcQ  if  it  be  aurroundcd  b>'  the  aolution  /,  it  will  point  aa  iron  ; 
iC  the  atrouger  solutiou  n  surround  it,  it  will  point  as  bismuth ; 
and  with  sufficient  care  a  succession  of  these  Quids  mar  be  ar- 
riiugcd  as  iudicated  in  figs.  2,  3,  where  tbe  outlines  Iwtwecn 
tlic  poles  represent  the  forma  of  thin  glass  truuglis,  and  the  let- 
ters tbe  solution  in  them.  In  %.  2  we  see 
that  the  action  on  m  is  the  same  as  that  on 
m',  and  the  pointing  of  the  two  portions  is  tbe 
same,  i.  e.  equatorial ;  neither  lins  tbe  action 
on  m  been  altered  by  the  power  of  the  poles 
having  to  traverse  »,  m'  and  n' ;  and  in  fig.  3 
wc  kcc,  that,  under  like  circumstAnees  of  tbe 
power,  m'  points  as  bismuth  aud  m  as  iron, 
though  thry  are  the  same  solution  with  each 
otiier  and  with  the  former  mm'  solntions.  No 
cutting  off  of  power  by  tbe  media  (uuld  cause 
tbcBC  cliaugca ; — repetitions  of  position  in  the 
first  ease,  and  iuvoraions  iu  tbe  second.  AU 
that  could  be  expected  from  any  such  intcrcop- 
tiona  would  lie  perhaps  diminutions  of  action, 
but  not  inversions  of  polarity;  and  every  con* 
aideration    iudieates  that  oil    the  ^lortious  of 

'  riuU  Mag.  I?4C,  vol.  xiix.  p.  S04. 
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these  solutions  in  the  field  at  once  have  like  polarity,  i.e.  like 
<)ircctioii  of  force  through  them,  aud  like  intcrual  condition; 
each  solution  in  ita  eomplox  arrangement  Wing  affected  exactly 
in  the  same  way  and  degree  as  if  it  filled  the  whole  of  tlic  mag- 
netic field, although  iiithescparticuUir  arraugemirutsitsomctiniea 
points  like  irooj  and  at  other  times  like  bismuth  (23G2.  2414.). 

3316.  llicsc  motion»nnd  pointings  of  the  sitmc  orof  dilTcreut 
solutions,  eontain  ever}' action  and  indication  which  is  supposed 
to  distiu^iah  the  contrary  polarities  of  piLramaguctic  and  dia- 
niagnctie  bodies  trom  each  other,  and  the  solutions  t  and  m  in 
air  repeat  exaetly  the  phicDoniena  preoentcd  in  air  by  phoaphoruB 
and  platinum,  wliieh  are  re-'^jjectively  diaiua^uctic  aud  paramag- 
netic substances.  But  we  know  that  the^e  actions  are  due  to 
tho  differential  result  of  tlic  masses  of  the  moving  or  setting 
solution  and  of  that  (or  the  air)  surrounding  it.  No  stnictural 
or  internal  polarity,  baring  opposite  dircetions,  is  necessary  to 
account  for  them  (23G1.  2757.).  Jf,  therefore,  it  ia  8tiU  said 
that  the  solution  m  has  one  polarity  in  /  and  the  reverse  polarity 
in  n,  that  would  be  to  make  the  polarity  depend  upon  the  mass 
of  m  independently  of  ita  particles ;  for  it  can  hardly  be  stipposed 
that  the  particles  of  rn  are  more  Affected  by  the  influence  upon 
them  of  the  surrounding  medium  (itself  under  like  inductive 
action  only,  aud  almust  iuscusible  as  a  tnaguet),  than  they  arc 
by  the  dominant  mafjnet '.  It  would  be  also  to  make  the  polarity 
of  w  an  much,  ormore.dependcut  upon  Ihe  surrounding  medium 
than  upon  the  magnetitself; — and  it  would  be,  to  make  the  ma»cs 
of  m  and  /  and  even  their  form  the  detennitiint,'  cause  of  the 
polarity;  which  would  remove  polarity  altogether  from  depend- 
ence upon  internal  molecular  condition,  and^  I  think,  destroy 
the  last  remains  of  the  usual  idea.  For  my  own  port,  T  canuut 
conceive  that  when  a  little  sphere  of  m  in  thu  Kolutiun  /  ia 
attracted  upon  the  approach  of  a  given  magnetic  pole,  and  re> 
pcUcd  under  the  action  of  the  same  pole  when  it  is  in  the  solu- 
tion n,  its  pnrticlctj  arc  in  Ihe  two  cases  polar  in  two  opposite 

'  If  tlie  polarity  at  the  inuor  mass  of  solutiun  is  dfipenolent  npon  thiit  of 
tbo  uulci'i  nod  cannot  be  AffL-ctviJ  lut  tbrougli  it,  then  why  ie  uat  air  and 
space  itduutl«d  a«  bring  in  cffectito  magnetic  r«UtJon  tr»  the  bodiws  nar* 
Foundi'd  by  ttwm  P  ITow  ehm  could  a  distant  body  bo  act«^  upou  by  a 
mftguct,  if  the  iaaet  solutioD  of  lulpliBtc  of  itud  ia  to  at:ti-il  on  ?  A  k  we 
to  aMume  eat  niudu  of  nciioii  by  cuDtJgiious  masMi  or  parUclus  in  one  cue, 
and  anothar  thtoogb  dut«nc&  in  aaotbu  cau  f 
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(Itrectioiis;  or  tliat  if  for  a  oorth  maguctic  polo  it  is  the  near 
side  of  the  particles  of  m  when  in  I  that  assume  tbe  south  atatCj 
it  ts  tlie/irWArr  side  itliicli  acquires  the  same  state  nheii  the 
solution  /  is  changed  for  n.  Nor  c»n  1  think  tliat  nfaeu  the 
particles  of  m  have  the  eaiuc  polar  stnte  iu  both  solutioos,  the 
whole,  fi«  a  mass,  can  have  the  opposite  states. 

.'J3I7.  These  Jiflercuttnl  rcanlls  run  on  in  one  uninterrupted 
course  from  tbe  extreme  of  paramagnetic  bodies  to  the  extreme 
of  diamagnctic  bodies ;  and  there  i»  no  substance  vithin  the 
»crie»  which,  in  nssocintion  nith  those  on  each  side  of  il,  may 
tiot  be  made  to  present  in  itself  the  appearances  and  action  which 
ere  considered  ah  indieatiug  the  oppoeite  poIarilicB  of  iron  and 
hii^muth.     Itou'  theu  is  their  ease,  in  the  one  or  the  other  eon- 
dition,  to  be  distinguished  from  the  assumed  polarity  conditions 
of  biisiniith  or  of  iron  ? — only,  I  think,  bv  a^HUming  other  [loints 
wliirh  beg  the  nholo  question.     In  the  f)n>t  place,  it  must  be,  or 
is  assumed,  that  no  mitgnetic  forec  exists  in  the  space  around  a 
Dingnet,  when  it  is  in  a  Taeuiim,  it  being  denied  that  the  power 
either  crossen  or  reaches  a  locality  in  that  apace  until  some  ma- 
tcria]  subslancc,  an  the  bisiuulh  or  iron,  is  there.     It  1h  aswmrd 
thiit  the  fipnce  is  in  n  state  of  magnetic  darkness  (3305,),  an 
tisaumption  so  large,  cansidfring  the  knowledge  we  have  ofnaturnl 
powera,  and  capccially  of  dnal  forces,  that  there  is  none  lai^ier  in 
any  part  of  magnetic  or  electric  science,  aud  is  the  very  point 
which  uf  nil  otiicnt  should  he  held  iu  doubt  and  pursued  by  ex- 
periincntal  investigation.     It  is  as  if  one  should  say,  there  is  uo 
light  or  form  of  light  iu  the  a|mec  between  the  sun  and  tlie  earth 
bccauac  that  npncu  is  invisible  to  theeye.     Ne«tou  himself  durat 
not  makcalikcaMUniptioucvcn  in  the  case  of  gravitation  (3.^05.), 
but  most  carcfuUy  guarda  himself  and  warns  others  against  it, 
and  Kuter'  seems  to  fuUow  him  iu  this  matter.    Sndi  an  oMump- 
tion,  however,  enables  the  parties  who  make  it  to  dlsniiu  tbe 
cunsideration  of  differential  effects  w  hen  bodies  arc  placed  in  a 
vacuum,  and  to  divide  tlic  bodies  into  the  weU-known  doable 
series  of  paramagnetic  and  diamagnetic  Rubataneea.     But  in  the 
second  place,  even  then,  those  who  assume  the  rererBC  |iularity  of 
diamagnctic  bodies,  must  assume  also  that  the  state  set  up  in 
tliCQl  by  induction  is  less  favourable  to  either  the  exercise  or 
tlie  tnuismission  of  the  uiagnrtic  force  than  the  original  unpo- 
t  UMm,  &c  tnuuUlcd.    Utter  LXVIU.,  or  pp.  '29)~^i. 
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larizcd  state  oF  the  histnutli;  an  Msumption  wliich  is,  I  think, 
contrnry  to  the  nntiirnl  nctiou  nnd  finnl  stnhle  coniHtion  into 
which  the  piiyaical  (nrrri  tend  to  bring  all  hodips  subject  to 
them.  Tliat  a  mngnct  acting  on  a  (licci'  of  iron  nlioiitd  so  deter- 
mine and  ilisposo  of  the  foret**  a*  to  make  the  magnet  and  iron 
mutually  Rccordunt  in  their  action,  I  can  conceive  ;  but  that  it 
shouhl  throw  the  hiitmuth  into  a  uttite  which  would  make  it  re|i(!l 
the  magnet,  whereas  if  miafFt-cted  it  should  be  so  far  favourablal 
KB  to  lie  at  least  indifferent,  is  what  I  ennnot  imagine  to  myself. 
In  the  third  plaec,  tliosc  who  rest  their  ideua  on  mugneticjlnids, 
must  iisjiiinc  that  iu  all  diamaj^uetic  ca^^,  and  iu  tlieni  ontV)  the 
Aindnmental  idea  of  their  mutual  action  mii^t  not  only  be  set 
asidi>  but  inverted,  so  that  the  liypothcsis  \rould  be  at  war  with, 
itself;  aixl  tbuxc  who  aeaiime  that  electric  currents  are  the  cam 
of  nia»aetic  effects,  would  have  to  give  up  the  law  of  their  in. 
ducing  action  {as  far  as  wc  know  it)  in  all  eases  of  diani-ignctisra, 
at  the  very  eamc  moment  vhcii,  if  they  api^roachcd  the  diamag- 
iiotie  hi»muth  iu  tlic  form  of  a  spiral  to  the  pole,  they  would 
have  n  current  produced  in  it  according  to  tbat  law. 

Timt. 

3318.  I  will  venture  another  thought  or  two  regarding  the 
condition  into  which  diamnguetic  bodies  arc  browgbt  by  the  act 
of  magnetic  induction,  in  connexion  with  tlie  point  of  time.  It 
appears,  as  far  a*  I  remember,  that  all  natural  forces  tend  to 
produce  a  state  of  rest,  except  in  cases  where  ?ital  or  organic 
Ijowcrs  are  conormcd  ;  and  that  as  in  life  the  actions  arc  for  cv( 
progrCfKivc,  and  b&TC  rc#pcct  to  a  future  rather  than  fi  present 
stfttc  (Paget),  so  nil  inorganie  exertions  of  force  lend  to  bring 
about  a  stable  and  permanent  condition,  having  as  tlie  result  a 
state  of  rest,  i.  e.  a  static  condition  of  the  powers. 

331!).  Applying  this  consideration  to  the  case  of  bismuth  in 
the  magnetic  field,  it  seems  to  me  more  like  the  truth  of  nature 
that  the  state  assumed  by  the  bisnautli  should  be  one  more 
farourable  to  the  tinal  and  Btattu  exercise  of  the  power  of  the 
dominant  magnet  upon  it,  thau  that  state  heluuging  to  the  bis> 
mutb  before  it  liud  suffered  or  undergone  llie  induction;  exactly 
us  iu  soft  iron  we  know  that  before  it  has  itctiuircd  ttic  state 
which  a  dominant  magnet  can  induce  upon  it,  it  is  not  su  favour- 
able to  the  tiual  Etatic  condition  of  tbc  powcraasitisaftcrwurdi. 
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Now  it  is  very  manifest,  by  mimerons  forms  of  experiment,  thot 
time  enters  &s  &n  clement  into  ortUnary  m.-tgnctic  and  magneto- 
clcctrie  actions,  and  there  in  every  rcjutou  to  cxpcet,  into  diamag- 
notic  actions  also ;  and  it  is  also  veil  known  that  we  can  take 
advantage  of  this  time,  and  tc»t  the  state  of  a  piece  of  iron  in 
the  niaj^netic  licld  before  it  has  attained  its  finaJly  induced  state, 
and  afterwards; — as,  foi;  instance,  by  placing  it  witii  a  helix  round 
it  in  the  magnetic  field  andquickly  connecting  the  hcMxa/teneardg 
with  a  galvailometer,  when  a  current  of  electricity  in  Boeh  direc- 
tion as  to  prove  the  truth  of  the  !>titcmcnt  will  he  obtained.  lu 
other  forms  of  experiment,  and  witli  large  pieces  of  Lron,  the 
time  which  cau  be  so  eeparfltcd  or  snatched  up  during  the  act  of 
progressive  induction  will  amount  to  a  minute  or  more.  Sup- 
posing this  could  be  done  in  any  sensible  degree  with  diamag* 
nt'tic  bodies,  then  the  following  considerations  present  them- 
selves. A  globe  or  iMir  of  btsmnth  in  the  mngnctic  field  may 
hiivc  itA  statCFi,  before  and  alter  induction,  conudered  as  sc\>&- 
ratcd  by  a  moment  of  time ;  if  the  induction  raises  up  a  state  of 
polarity  tlie  reverse  of  that  of  the  magnet,  then  the  bismuth 
ought  to  be  more  favourable  to  the  determination  of  magnetic 
force  upon  it  before  the  induction  than  offer;  whereas  if,  accord- 
ing to  my  view,  the  polarity  in  not  reversed,  but  is  the  same  as 
that  of  the  maguet,  the  mctul  ought  to  Ik  more  favourable  to 
the  determination  of  magnetic  force  upon  or  through  it  efler 
induction  than  Ac/orf.  Belicring  this  to  be  an  experiment  which 
wonUl  settlp  the  question  of  reverse  polarity,  and  perhajM  the 
existence  or  iioii-i-xistcnce  of  physical  linea  of  magnetic  force,  I 
hiivc  made  many  attempts  in  various  ways,  and  especially  by 
alternating  motions  of  cylinders  and  bolls  of  bismntii  between 
Boft  iron  magnetic  poles  famiahed  with  helices,  to  obtain  some 
residts  due  to  the  /imc  of  induction,  but  have  been  as  vet  unable 
to  suceeed.  I  cannot  doubt  that  time  is  concerned ;  but  it 
sc(;ms  to  \yc  so  brief  in  period  as  to  be  inapprcciahlc  by  tbe  means 
I  have  employed. 

.1320.  Professor  Thomson  has  put  this  mottcr  of  time  and 
jHtlarity  in  onotht-r  form.  If  a  globe  of  bismuth  be  placed  with- 
out friction  in  the  middle  of  the  magnetic  5cld,  it  will  not  jioint 
or  move  becansc  of  its  shape ;  but  if  it  have  rcvemc  polarity,  it 
will  be  in  a  st^ite  of  unstable  cf|uilibmm  ;  and  if  timt  be  an  ele- 
ment, then  the  bailj  being  once  moved  on  its  axis  ever  so  little. 
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wonld  then  have  its  polarity  inclined  to  the  magnetic  axis,  and 
would  go  on  rcvolring  for  crrr,  proiluciiig  a  pcrfxitual  motion. 
I  do  not  see  how  thi«  consequence  can  be  avoided,  and  therefore 
cannot  admit  the  principles  on  which  it  rcslB.  The  idea  of  n 
perpetual  motion  produced  bjr  static  force  is  philosophically  ilIo> 
gical  and  impoHitible,  and  so  I  think  is  the  polarly  opposed  or 
adverse  static  couditiou  to  wliicli  I  have  already  referred. 

3321.  It  is  not  necessary  here  tliat  I  should  refer  to  the 
manner  in  whinh  my  view  of  the  lines  of  magnetic  force  meet 
these  easps,  for  it  has  been  dune  in  former  papers  (27!>7.  &c.)  ; 
hut  I  will  call  the  attcutiou  of  those  who  like  to  pursue  the  sub* 
jcct,  to  a  true  case  of  reverse  polarity  in  the  magnetic  field  (Ex- 
perimental Researches,  'A2\i\i,  fig-.  15),  aud  lliere  they  wLU  easily 
8CC  and  comprehend  the  beginning  of  tlio  rotation  of  Professor 
Thomson's  bismuth  globe,  and  ita  continuance,  if,  as  supposed, 
the  polar  state  represented  in  the  figure  could  be  continually 
renewed. 

8332.  "When  tlic  north  pole  of  a  magmet  repels  a  piece  of 
bismuth  in  a  vacuum,  or  makes  a  bar  of  it  set  eciuatorially,  and 
u  found  to  produce  like  actions  with  many  paramagnetic  bodies 
when  surrounded  by  media  a  little  more  paramagnetic  than 
thrraselvea,  aud  with  as  many  diamagiictic  bodies  when  but- 
rounded  by  mcdin  a  little  leas  diamagnctic^  it  would  seem  rooro 
cautious  in  the  first  instance  to  inquire  how  these  latter  motions 
take  place,  and  how  it  is  that  part«,  which  with  the  paramag. 
nctica  have  certainly  been  brought  into  a  Math  condittou  by  the 
north  end  of  the  pole,  recede  from  it ;  and  to  apply  these  result* 
in  the  first  iiistanee  to  those  obtained  with  bismuth  in  a  vacuum, 
before  we  assume  a  total  change  in  principle,  and  yet  an  excep- 
tional change  us  to  substances,  in  the  general  law  of  magnetic 
polarity,  without  auy  cauitc  ossigucd  thou,  or  any  supporting 
facts  beyond,  the  effect  in  question. 

Curved  lines  of  ma^Hic  force — dependence  of  the  duaiilies. 

3323.  The  representative  idea  of  lines  of  magnetic  force  which 
I  entertain,  includes  in  it  the  thought  of  the;  curvature  of  these 
Hues,  not  as  a  merely  convenient  notion  making  the  idea  of  the 
Hues  moi-o  managcRlilc,  but  as  one  flowing  from  and  suggested, 
if  not  proved,  by  the  phicnomenn  themselves.  It  is  in  this  [miut 
of  view  that  1  proceed  to  cou«idcr  it;  and  as  the  pruuf  of  the 


ciirt'atare  is,  in  iwpect  of  priiuiple,  in  the  oncntial  anil  nece^* 
hary  ilcpcatlcucc  uf  tUt:  tiro  tjuulitiea  or  {utrta  of  u  daal  force 
upou  cacli  other  (3321.  &c.);  aud  iu  rei>pcct  of  ex//erimettl,  by 
tlic  numerous  rcsalU  suppUetl  during;  the  mutual  actions  of 
magiK't!!  and  luagnetii:  hudius  aud  the  phxuomcna  of  moriug 
conduuLurs  {3Sli7.  &x.),  I  will  eouaider  each  in  turti. 

3334.  Tliere  is  do  known  case  of  one  form  or  [lart  of  a  dual 
povcr  irxisting  otherwise  than  with,  and  in  depcudeiicc  on,  the 
otlicr,  wLiditliCii  crista  aimultaQCoualy  to  au  equivalent,  i.e.  aa 
equal,  degree.  In  static  clectricit}',  where  8U|ipo«ed  electric  fluids 
are  cousidcrcd  as  heJog  separated  from  each  other^  thej*  me  in 
egiinl  Hinouiit  (1177.),  arc  ever  related  to  each  other  (1681.), 
often  by  curved  lines  of  force  (1215.),  and  the  existence 
of  the  one  electricity  nithout  the  other,  or  in  the  smallest 
degree  of  excess  or  deficiency,  is  absolutely  impossible  (U7J.). 
In  the  Toltaie  battery,  or  iu  the  electric  ctirrciit  produced 
in  any  other  way,  as  liy  thermo  arrangements  or  inductions, 
tlic  current  in  one  jiart  of  the  circuit  is  abnolutuly  the  sauic 
in  umuuut  quiI  iu  dual  character  as  in  another;  and  in  the  iuxu- 
latcd,  uncouiicetcd  voltaic  battery,  where  the  austaiuiuu  ^va 
is  internal,  not  the  tdigbtest  development  of  the  force*,  or  of 
either  of  them,  can  occur  until  circuit  is  completed,  or  induction 
:tlh)Tred  at  tlie  extremities;  for  if,  nlien  there  is  uo  cinTuit,  the 
iuductiou  be  prevented,  not  merely  no  current,  hut  no  slock  of 
electricity  at  the  buttery-  polea  ready  to  produce  a  current  can  be 
evolved  iu  the  slightest  dogi*cc.  In  like  mauucr  1  am  fully  per- 
suaded that  the  northnr-is  and  seuthncs!!  of  magnetism  (in  what- 
ever they  may  tw  supposed  to  eonsist)  cannot  exist  alone; — nor 
without  exact  proportiou  to  eacli  other ; — nor  without  mutu:d  de- 
pendence upon  each  other; — hut  that  they  ore  subject  to  the 
mutual  relation  aud  depeadcucc  of  all  dual  force. 

3325.  Let  us  consider  a  hard  iuvariable  magnet  in  spttcc, 
fig.  4.     If  a  piece  of  soft  iron,  I,  be 
brought  towards  it,  the  N  cod  of  the  *"'*■  *• 

magnet   will  cause  southucss    iu   the     „  w  i 

near  end  of  the  iron  aud  nurthuc3!i  in      vn/rrr/r^/A        r=y?7a 
the  further  cod,  aud  tliis  will  contiuuo 
until  the  iron  is  removed,  the  aoutb- 

uc*a  ajid  northnes*  at  the  two  ends  or  halves  of  the  magnet 
having  rcmuiucd  all  the  time  unchanged  in  their  equality  aud 
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amouut  (322.1.  :i22 1.).  Now  to  soy  that  the  force  oiuaiiatiiig 
from  N  cuiild  act  itu  the  iruu,  prudtifiug  like  uilJ  tlie  ruiitrary 
force,  aiwl  ilieii,  by  removal  o!"  the  iron,  cease  to  act  there  or 
dscufhtrc  ;  and  then  again  act  on  the  iron  if  approachctl,  or  any- 
thing cIbc,  and  then  cca«c  to  net,  and  so  on ;  would  iu  my  mind 
he  to  deny  the  eomervalion  of  force  : — and  we  know  that  there  is 
no  cquiralcnt  action  M'lthin  the  magnet,  to  explain  hy  any  alter- 
nate excitement  and  supprcsaiou  of  the  duni  pnrtA,  any  sup- 
posed appcar&nce  and  di;-«a|>pcarancc  of  the  puwei-s  ut  the  dilTcr- 
cnt  times ;  for  a  helix  closely  applied  round  the  middle  part  of 
the  niagiiet  during  the  experimrait  gives  no  current,  and  by  that 
ihows  that  there  is  no  equiralent  internal  derangement  of  the 
power,  when  the  ontcr  exercise  of  it  may  be  supposed  to  cbango 
between  active  and  iucrt. 

3326.  Suppose  the  power  of  such  a  majfuet  to  be  due  to 
inagimtic  N  and  S  fluids;  can  it  be  thought  tliut  thu  N  parti- 
clca  can  be  sometimes  exerting  their  attraction  for  S  particle*, 
and  Hometirnea  not?  \Vould  not  that  be  equivalent  to  the 
a»suni])tiori  ofsupprrjuiiin,  i.  e.  a  dcstniction  of  force? — which 
surely  cannot  be.  Such  an  n»8umption  couhl  be  Kurpasucd  only 
by  that  which  su|i))08c«  that  the  N  fluid  might  sometimes  at- 
tract S  anil  re\-)e\  N,  aud  at  other  times  repel  S  and  attract  N" 
fluids  (33U.3312.  331?.). 

4337.  As  to  the  soft  iron  under  induction  (3325.),  its  dual 
luagnctic  forces  do  re-enter  into  their  former  mutually  depend- 
ent and  miitiiully  satisfying  state  :  but  suppose  it  to  be  replaced 
by  steel,  aud  that  the  magnetisms  produced  in  it  do  not  rceora- 
hiue  or  disappear  on  the  removal  of  the  dominant  magnet,  then 
on  wh.'it  ia  their  power  ultiiautely  turned,  if  iiut  on  eac/i  other? 
(3257.  332  1.).  Where  is  the  S  power  of  the  steel  dUposed  of 
when  it  is  Bcparatcd  from  its  relation  with  the  N  power  of  the 
magnet  that  evolved  il  ?  The  case  catiuot  be  met  citMjpt  by 
nflirnnu<;  the  indcprndrnt  cviatcnce  of  the  two  powers  (3339.)  ; 
or,  admitting  the  dupprc-ssion  offeree,  and  of  cither  of  these  force* 
the  one  without  ihc  other  (3330.)  ;  or  allowing  the  mutiml  de- 
peudcnce  of  the  two  polarities  of  the  magnet  (;i33I.). 

33S8.  When  the  N  pole  of  a  magnet  (ftg.  5)  is  acting  in 

.free  space,  itn  force  is  scnaihlo  around    to  a  eertain  amount 

(114.)  i  "lien  a  pice  of  soft  iron,  I,  is  brought  near  it,  much  of 

its  force  gathcni  up  upon  that  iron,  but  the  whole  amount  of 
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force  from  and  about  tlie  N  pole  ia  tlie  ^>9-  ^ 

■ame ;  vhcn  an  S  pole  ia  brought  np,  l^'j 

eitbcr  of  another  magnet  nr  of  itaclf,  f^A 

(for  the  effect  is  prccUdir'  the  uuuc), 

much  of  the  force  exerted  upou  the        //// 

iron    IB   removed    fnim   it,  and   falU      -  -Jvy 

iijion  the  S  |wlu,  but  tlic  aiuouut  of 

force  aliout  the  pole  N  remaina  tbe  same ;  all  of  which  can 

Ih:  proved  esperimcntally  by  a  helix  on  the  soft  iron  and  loops 

carried  over  the  N  pole  (3218.  3223.) .     Indeed  the  way  in  which 

the  puwop  of  one  pole  over  eitlier  iron  or  bismuth  is  affeclwl 

And  dirainiiheil  by  the  approximation  on  the  name  side  of  a 

contrary  jiolc,  ia  perfectly  well  known,  and  there  arc  hundrcilii 

of  cases  in  M*bich  the  disposition  iu  direction  of  the  magnetic 

power  cim  be  varied  in  a  great  variety  of  waya,  without  the 

alighlcst  change  iu  the  avm  of  its  amount  at  the  aouroe,  emdi  of 

which  givea  evidence  of  the  antithetical  and  inseparable  ooa- 

dition  of  the  two  forms  of  force. 

8339.  As  to  independent  cxiatcnce  of  the  two  powers 
(3327.),  how  ia  it  then  that  they  cannot  \w  shown  separately  ? 
— not  even  up  to  the  degree  which  is  exhibited,  so  to  say,  by 
static  electricity.  There  is  nothing  like  a  charge  of  northncas 
or  a  charge  of  scnithncas  in  any  one  of  the  innumerable  pha;no- 
menu  presented  by  magnetism  (3311.)  ■  The  two  are  just  aa 
closely  connected  as  the  two  electricitiea  of  a  voltaic  battery; 
whether  we  conaidor  it  a«  giving  the  current  when  properly  con- 
nected, or  exhibiting  induction  at  ila  extremities  when  uncon- 
nected. The  difficulty,  indeed,  is  to  find  a  fact  whicli  gives  one 
the  least  bold  for  consideration  of  the  thought  that  the  two  mag- 
netic force*  can  be  separated,  or  conaidcrcd  apart  from  each  other. 

3330.  As  to  the  auppression  of  force  (3327.),  I  conodire  that 
the  creation,  annihilation,  or  suppnssioii  of  force,  and  itill  more 
emphatically  of  one  form  only  of  a  dual  force,  is  as  impoanble 
as  the  like  of  matter.  All  that  is  jivnnittcd  under  the  general 
laws  of  nature  is  to  displace,  rcmorc,  and  otherwise  employ  it ; 
and  these  conditions  arc  as  true  of  the  smallest  suppressions  of 
a  force,  or  part  of  a  force,  ai  of  the  aupprcsition  of  the  nholo.  I 
may  further  ask,  vhetber,  aa  it  u  pk^jricalty  impusxiblc  to  anni- 
hilate or  Bupprciu  force,  it  is  not  also  mathcmaticaily  impoasibtc 
to  do  eo,  consistently  with  the  law  of  the  councrvatiou  of  force  ? 
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3331.  I£  we  lay  tbut  tHc  forces  iu  tbc  caace  of  Kmoval 
{3327.)  are  ilisiiioscd  of,  somctimcft  in  one  diroctiun  and  some- 
tinies  in  another,  but  nilli  the  preservation  of  tlicir  full  and 
equivalent  amount,  Ihcu  Low  are  wo  to  consider  tliem  disposed 
of  in  the  case  of  a  cylinder  or  globular  loaguet,  placed  in  air 
or  vacuo,  BO  as  to  be  entirely  aclf-dcpcudent  ? — or  in  the  case 
of  a  magnetic  sphere  placed  in  an  inverted  position  in  the  mag- 
itetic  fieldj  so  m  to  be  entirely  surrounded  and  enclosed  by 
magnetic  forces  having  8  contnury  direction  to  its  own  (3321.) 
8238.)? 

3332.  If  wc  say  that  the  duulitioi  of  eudi  a  magnet  arc  de- 
pendent on  each  other  (which  is  the  third  ease  (3327.)),  then 
we  have  to  consider  how  this  can  he,  cnn^iRtcntly  with  the 
diittunt  mutual  action,  cithvr  of  magnetic  fluids  or  electric 
currents,  acting  iu  right  lines  only.  Such  action  muat  then 
be  through  the  body  of  the  magnet  (33GU.).  If  wc  eonrmc  our 
attention  to  magnetic  fiuida,  then  the  direction  of  their  forces 
towards  each  otlner  through  the  magnet  when  it  is  alone,  must  bo 
of  the  like  nature  as  their  direction  to  approached  iron,  in  which 
they  arc  supposed  to  induce  collections  of  the  contrary  fluids,  or 
towards  the  fluid*  at  the  contrary  polea  of  approached  equal  or 
supci-ior  magnets;  i.  e.  the  tM'O  polea  of  the  magnet  must  be 
conceived  of  as  centres  of  force,  somotimos  exerting  their  power 
towards  each  other  in  a  given  direction  through  the  body  of  the 
magnet,  and  at  other  times  exerting  them  cutwanDy  to  external 
polea  in  ft  directiou  csactly  the  contrary.  Hut  the  currents 
which  arc  eroKed  by  the  rotation  of  tlic  mugnci,  or  of  discs  of 
metal  combined  with  it  (8119.  3163.),  show  that  thedirootion 
of  the  force  (which  is  its  polarity)  is  not  thus  reverse  iu  the 
two  halves  of  the  case,  but  is  the  same  within  the  maguel  as  in 
the  prolongation  of  direction  tlirough  and  beyond  the  polo; 
and  iiUo,  that  whether  the  magnet  he  nione,  and  therefore  sup- 
posed to  have  the  polar  forces  exerted  on  each  other  tlirough  it, 
or  bo  in  ntlatiou  to  outer  magnet*,  so  B8  to  have  thia  exertion 
of  force  entirely  removed  from  its  interior,  still  it  is  always  the 
same  :  having  in  both  caaes  the  same  condition,  direction,  and 
amount  of  power  within  it  (31 IG.). 

3333.  If  the  charged  and  polar  state  of  the  magnet  bo  sup- 
posed to  depend  upon  molecular  electric  currents,  held  by  some 
internal  condition  in  a  position  of  parallelism,  it  is  imposaiblc 
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that  tli«se  can  act  backwards  upou  each  otiicr  through  the  mag- 
ucl  ill  straiglit  tines,  so  ais  to  pat  the  tiortlineBS  and  sonthncss 
of  tlic  j)olc  in  inutunl  il<'pc!tideiioc-,  »<;  they  arr  Bupposed  to  be  in 
relation  to  rxtt-rnal  ikiIcs,  without  the  currents  themselves  bein^ 
(iis-jtlacrii  and  /urnfrf,  until  the  whole  magnet  is  neutralized; 
falling  tmL'k  iulo  (he  uiidcvcloiJCtl  etate,  just  as  a  piece  uf  soft 
iron  fiilla  bnck.  Wlien  this  rcluni  of  stiite  hnppcii)*  in  soil  iron 
or  steel  in  any  degree,  a  helix  round  these  shows  the  induced 
cnrrents  coiisequedt  on  such  a  change;  and  a  looii  (SlSJi.  3217.) 
tibowif  the  difference  when  the  iron  or  magnet  is  polar  oatvr&rda 
and  when  its  ntntc  has  fallen.  No  such  effects  happen  with  a 
hard  magnet,  when  it  is  alternately  left  to  itself  or  put  in  rela- 
tion to  cxternnl  poles  of  other  mnguctii.  The  body  of  the  mag* 
net,  and  the  forces  passing  through  it,  remain  unclianged, 
whether  examined  by  the  loop  (3223.)  or  by  its  own  motion, 
or  that  of  discs  aikd  wires  a^^ociatcd  with  it  (Sllfx  &c.).  Tta 
force  ever  remains  the  same  in  quantity  and  geocrni  dirrction. 

333-t.  The  case  of  the  steel  ring  magnet  (3283.)  is  weU 
known,  and  the  mniinrr  in  which  »uch  a  niugnet,  showing  no 
external  relation,  dcvcloprs  strong  poles  when  it  i»  broken.  The 
phaenomena  assure  n^,  1  think,  that  when  broken  the  northnesa 
and  southnOv"!)  tlicn  apiicaniig,  cannnt,  when  the  pieces  arc  by 
IhcmKclvcs,  be  determined  upon  each  other  backward  through 
the  magnet;  there  is  no  suflieicnt  re-neon  to  suppose  such  a 
thing.  And,  again,  tlic  mntnnl  destruction  of  highly-charged 
linear  raognets,  .Micli  as  steel  needles,  when  many  of  them  arc 
made  into  a  thick,  short  bundle,  shows  the  same  thing  ;  for  if 
wbcu  alone  the  polar  powers  are  not  extcmn),  but  arc  deter- 
mined upou  each  other  thrcugb  cueh  individual  magnet,  they 
arc  as  free  for  a  like  disposal  wheu  the  elementary  magnets  arc 
associated  as  when  they  arc  separated  : — and  then  there  remains 
no  suQicicnt  reason  to  expect  a  dominant  action  over  each  other 
superior  to  that  which  cacit  bos  over  itself. 

3335.  It  is  not  to  be  suppCMod  that  the  change  of  force  wbicli 
occurs  when  the  magnet  first  acting  externally  is  then  made  to 
net  internally  or  through  itself,  would  lie  sm.ill  and  uunotiivablc. 
It  should  be  as  grciit  as  the  vrhole  amount  of  power  which  the 
magnet  can  show  under  the  most  fa\-ounible  drcumfitancc;  and 
the  means  are  abundantly  suOieient,  by  moTing  wires  and  discs, 
to  make  that  evident  in  any  case  which  might  imply  its  passing 
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through,  or  being  removed  oat  of,  the  miignet : — so  that  no 
dithcuUy  can  occur  in  that  rcnpcct,  and  there  rnmain»,  therefore^ 
liu  my  mind,  hut  two  suppoaitioas;  cither  the  N'  polar  farce  of 
»  maj^et  wheu  taken  off  from  cxternul  compciuatiuK  S  polar 
force,  t.s  not  exerted  elsewhere  aa  magnetic  farce  at  all ;  or  else 
it  is  eztcrnaliy  thrown  upon  and  associated  with  the  S  jiolar 
force  of  the  same  magnet,  and  so  austaincd  and  disposed  of,  for 
the  time,  in  its  natural,  equivalent,  and  essential  state.  If  ctm- 
rcrted  into  any  new  form  of  power,  what  is  that  form?  where 
is  it  dixpotcd  of?  by  what  effects  is  it  reco^izcd?  what  aj« 
Ftiie  proofs  of  its  existence?  To  these  inquiries  there  are  nv 
answent.  Tint  if  it  hi:  dirrclcd  externally  upon  thn  opposite  S 
pole  of  the  magnnt,  thru  all  the  ronsc(|ncni;cs  and  foundations 
of  my  hypotheses  of  magnetic  force  and  ite  polarity  come  forth; 
and,  .TR  I  incline  to  Itelieve,  a  conRislent  and  satinfaetory  account 
of  all  miigtiictie  phivuomeiin,  short  of  tlie  idea  of  the  nature  of 
the  magnetic  force  itself,  is  supplied. 

3330.  For  if  the  dual  forces  of  the  poles  of  a  magnet  in  free 
space  arc  related  to,  and  dependent  n]K>n,  each  other,  and  yet 
not  through  the  magnet  (MSI.),  then  it  must  be  through 
the  space  around.  Then  space  must  have  a  real  magnetic  re- 
lation to  the  force  pnstting  ncro»s  it,  just  »s  it  has  to  the  rny  of 
light  passiug  from  an  illuminating  to  an  illuminated  hodjr. 
U'hen  the  directions  in  which  the  two  forncti  arc  exerted  upon 
each  other,  cannot  he  in  right  lines,  which  mu»t,  if  they  cxigtcdj 
pass  of  necessity  through  the  magm-t ;  but  in  curved  liuesj 
seeing  that  it  is  inipOHsihle  that  any  hut  curved  lines  can  hold 
the  poles  in  relation  to  each  other  through  the  surrounding  space 
(•12!>7-)  : — and  if  they  he  curved  lines,  then  1  cannot  imagine 
them  to  be  auythiug  else  than  physical  lines  of  force  \  lines  iitted 
to  transfer  the  iiower  onwards  in  consistency  with  its  ineritablo 
dual  relation,  and  in  conformity  with  that  direction  which  ought 
as  I  think,  to  be  properly  called  jtnhrity.  And  il  further  ap- 
]>eara  to  me,  that  if  we  once  admit  the  niaguctie  relation  of  a 
vacuum,  then  all  the  phieuomcun  of  purum^iguctie  aud  diamag- 
nclic  bodies  J  of  differential  polarity  and  individual  polarity  j  of 
solution^  needles,  crystals  and  moving  conductors,  are  prcscoted 
in  a  simple  mutual  relation,  without  any  contradiction  of  fact  or 
hypothesis,  aud  in  perfect  hiirmony  with  each  otlier. 

3337.  I  wish  to  avoid  prolonging  this  paper  by  a  rcpctittou 
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of  the  CODS  idcrat  ions  and  reasons  already  edraoced  on  former 
occasions,  and  therefore  will  very  briefly  call  to  mind  tlie  idea 
I  hsTC  put  forth,  that  there  arc  such  Hues  of  force  in,  the  space 
around  a  magnet ;  that  the  mutual  dependence  of  the  dualities, 
vbich  is  essential  in  the  isolated  magnet,  is  thus  snxtained ;  and 
that  boilien  in  thin  space  pruduec  paramagnetic  or  diajnagnctic 
phieuDmena,  according  as  they  favour  or  oppose  the  degree  of 
•ustainingpower  which  mere  apace  posscsaea.  That  these  bodies, 
or  media  iis  they  may  be  called,  have  a  magnetic  relation  like 
that  of  space,  is  easily  shown  by  mimerous  expcrimonial  rcRuItx ; 
Imt  aa  they  have  a  further  relation  amongst  themselves,  depend- 
ent ujion  their  relative  elcctro^conducting  power, 
I  think  a  little  time  may  be  usefully  employed 
in  conaidcring  hoir  far  the  conaetiucnt  rcaulta 
illustrate  the  probable  condition  of  space  where 
they  are  not  present.  Consider  a  magnetic  pole  »  a  a  m 
^>  ^Z-  Ci  placed  in  relation  to  an  equal  mag-  ») 

nctic  jmlc  S  ku  that  their  powers  arc  rantually  ^^ 

related  nud  ituatmncd,  and  the  space  between 
them,  a,  a,  a,  occupietl  by  a  vacuum,  nitrogen,  or  some  other  gaa 
St  magnetic  »cro  (2770.  &e.)  : — the  force  exerted  by  N  on  S,  or 
noipmcally,  is  easily  taken  cognizance  of  by  spiraU,  Szc.  m 
regards  any  cliangc  in  direction  or  degree.  Ilien  cunaidcr  tbo 
jncdium  a,  a,  a,  to  be  all  copper  or  all  mercurr,  still  the  foroea 
arc  uiidistnrbcd  :  or  consider  it  part  mercury  or  copper,  and 
jmrt  vacuum  or  gloss,  divided  either  by  a  line  nuining  from  S 
to  N,  or  along  a,  a,  o,  or  any  other  way,  still  the  forces  arc  un- 
disturbed ;  any  of  thcae  media  act  exactly  like  space,  or  so  like 
it,  we  can  scarcely  trace  a  difference.  Then  consider  the  metal 
moving,  either  as  a  finely  divided  stream  at  a,  a,  a,  or  aa  a 
solid  globe  (of  copper)  C,  fig.  7,  revolving  rapidly  round  the  line 
from  N  to  S;  still  it  w  exactly  like  the  vacuum  or 
indifferent  gaa  or  glass,  and  there  is  no  eflcct  ati  yet 
by  nhieh  we  might  distinguish  the  material  medium 
frcim  the  mere  space.  Hut  let  the  stream  of  me- 
tallic particles  be  converted  into  a  continuous  plate, 
and  then  we  know  it  becomes  filled  with  abundant 
currents  of  clcctririty ;  or  if  we  apply  the  wires  of  ^^ 
a  galvanometer  t«  the  revolving  copper  globe  C, 
ftt  the  axial  and  equatorial   parts,  wc  can  then  cause  it  to 
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deTelope  {hj  perminion  of  cairenta)  a  new  effect^  &ud  the  cur- 
rents are  acut  out  moat  ubundantly  l}y  tlio  conductors  applied. 
If  the  copper  globe  C  be  rapidly  rcTolvetl  upon  ikii  nxis  per- 
pendicular to  tbe  liac  S  N,  »o  stronjr'  aud  inHueutial  a  me- 
(lintn  is  it,  magnetically  cousidorcdj  tliat  the  two  poles,  N  and  S, 
I  if  free  to  move,  do  move  in  the  same  direction  as  the  near  jiarta 
oE  the  globe;  and  are  absolutely  carried  away  from  cacli  other, 
in  opposition  to  their  mntually  attractive  Torce,  whicli  tends 
strongly  nil  the  while  to  draw  tbcm  togethor.  Now,  how  is  it 
posalbtc  to  conceive  that  the  copper  or  mercury  could  bare  this 
power  in  the  moving  statCj  if  it  had  do  relation  at  oil  to  tho 
magnetic  fnrrn  in  the  fixfxl  state  V  or,  that  it  Khonld  have  like 
power  in  the  compact  state,  and  yet  hove  no  relation  to  the 
magnetic  force  ia  the  divided  and  moviug  etatc?  Tlic  mere 
addition  of  motion  could  do  nothing,  unlau  there  were  a  prior 
static  dependcnco  of  the  magnet  and  the  metal  upon  each  other. 
We  know  very  well  that  the  actions  in  the  moviug  oases  iuvolvu 
the  evolution,  or  »  tendency  to  tlie  crolntion,  of  electric  cur- 
rents ;  but  that  knowledge  is  further  proof  that  the  mctaU  ere 
io  prior  relation  to  the  magnetic  forces ;  and  as  bodicn,  creu 
down  to  aqueous  solution,  have  these  electric  currents  set  up  in 
them  under  like  circumstances,  we  have  fiill  reason  to  bclioro 
that  all  bodies  when  in  the  magnetic  ticid  are  in  like  static  re- 
lation as  the  copper  when  not  moving : — and  that  when  motion 
was  &upcriiddcd,  they  would  all  crolvc  electric  currents,  were  it 
not  for  their  bad  electro-conducting  powers. 

333K.  These  cftvcla  of  motion  are  known  to  he  identical  vitli 
thuRC  uf  the  moving  wire  (3G.  55.),  or  tho«c  of  voltaic  in- 
duction (fi.  &c.] ;  and  their  intensity  and  power  is  very  well 
shovru  iu  the  force  of  Elkington's  magneto-elccirie  apparatus 
and  KtilimkorlTa  luductiou  coil.  Time  ia  concerned  in  their 
production,  and  Professor  Henry  has  ehowu  us,  iu  some  degree, 
that  nhcD  the  currents  arc  moviog  in  helices,  the  magnetic  action 
across  them  is  for  a  time  ent  off  or  dcflcctc<l  (1730.].  These 
actions  arc,  iu  every  cose,  simple;  i.  e.  a  line  offeree  in  a  given 
polar  direction  prodncea,  or  tends  to  prtidnee,  in  a  body  moving 
across  it,  whether  paramaguetie,  neutral^  or  dianaagnetic  (3146. 
8162.),  a  current  iu  the  like  direction  ;  which  current  must,  as 
I  conceive,  be  dependent  upon  a  previous  like ji/o/ic  state.  No- 
thing in  the  slightest  degree  analogous  to  tho  supposed  oppo- 
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ntcly  polar  Btates  of  panmagDCtic  aad  diamagnctic  bodies  bus 
CTCr  been  diacovcrcd  ainoDg»t  them  ; — and  it  has  ocrcT  been  «aid, 
or  supposed,  as  far  a»  I  knnvr,  that  the  two  actions,  i.  t.  the 
magnetic  and  the  magneto-elcclric,  are  separate  in  tbcircssculuJ 
nature,  or  that  they  are  not  the  conaistcat  and  accordant,  and  i 
muiit  add  rnciprocal,  actioiu  of  one  force. 

3339.  That  the  copper,  8w.  are  ttTcctual  as  magnetic  media 
when  in  the  fluid,  luay  be  stated  also  thnit : — 
Let  N,  fig.  8,  lie  a  magnetic  pole,  and  C  a 
thick  disc  or  short  cybndcr  of  cop])cr.      If 
the  oopptar  revolve  ever  ao    rapidly  ou  iU 
luda  there  -will  be  no  production  of  currenta 
in   it;    and    the  magnetic  action  of  N    on 
other  magnets  will  be  the  oame,  as  if  the  tnetal  were  t]nio8ccnt 
or  CTcn  away.     If  N  recede  from  C  there  are  then  current*  in  C, 
though  it  be  not  moving;  and  though  the  effect  of  N  upon 
other  magnets,  as  far  as  we  knon-  tbcm,  is  unchanged;  yet  there 
is  then  a  alight  attraction  between  C  and  the  N  pole.     If  N  be 
made  to  approach  C,  the  revcrxe  carrents  and  actions  occnr.     As 
N  approftchcH  or  rcCTrdca  more  quickly  or  slonly,  the  currents 
prodncalj  and  conncqucut  temporary  magnetic  state,  arc  higher. 
A  cylinder  electro -magnet  will  show  these  elTccts  very  well. 
The  copper  has  all  the  time  bptrn  srtill,  no  motion  has  been  pur- 
posely given  to  it ;  it  has  l>ecn  affected  by  the  approsimation  and 
rcccsasiuu  of  tliu  pole,  bus  passed  from  one  state  to  another,  which 
states  remain  statioiiary  as  Ion;;  a»  the  jkiIl-s  are  quiescent,  and 
it  ihova  every  character  of  a  medium  alTcctcd  by  the  magnetic 
finree.     By  cx|ic(lictit8  the  currents  in  the  copper  may  be  aljowod 
or  prevented  ;  hut  whether  they  be  allowed  or  not,  tlic  stnte  the 
copiKT  medium  arrives  at  is  the  same. '-  If  disalluvred  aa  the 
moguct  approaeties,  but  aUovcd  as  it  recedes,  tJiCQ  ibc)  corront 
dtic  to  the  last  change  occurs,  au   cflcct  canity  i^hown  with  a 
magnet  and  helix  ;  ami  this  .lecms  to  prove  very  dii^tijictly  Ibat 
the  copper  within  the  constant  influence  of  the  magnet  has  a 
permanent,  static,  magnetic  condilion  ;  and  is  therefore  a  majj- 
netic  medium,  having  linca  of  force  passing  through  it.     If  C 
be  of  bismuth  instead  of  copper,  tlic  same  currents  in  the  siimn 
direction  occur,  though  in  a  far  smaller  degree;  and,  as  it  is 
believeii,  only  Iwcause  of  deficiency  in  its  conducting  power, 
3340.  There  can  be  no  doubt  that  very  much  U  involved  iii<' 
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ihcM!  pliicnomCTia,  of  tlie  nature  of  wliich  ire  liavc  little  or  no 
knowledge  ;  and  the  results  obtained  bj  Mattouccl  will  probably 
lead  to  dcTclopmonts  and  discoveries  of  great  imjMirtance.  He 
statcii'  that  copper,  when  fiucly  divided,  presents  very  porsistiug 
pbieuomcna,  proring  its  right  to  Ik;  considered  as  a  diamagnctic 
body  ;  bin  that  when  aggrcgati-d,  nil,  nr  nearly  all,  its  diamag- 
nctic character  disappears,  NiiMiiug'  is  known  aa  yet  of  the 
mdiincr  iu  -which  the  mere  difference  of  eobcsiou  or  dirisioa 
can  so  nffcet  the  diamaKnrtic  charartcr.  Tie  fiiidii,  too,  that  iu 
other  resfiects,  as  in  Arago's  rntation,  partitrim  of  matter  act  in 
a  manner  nut  to  be  anticipated  from  what  is  at  prcjtcnt  known 
of  them  as  masses;  and  it  is  to  be  hoped  mid  expected  that 
wheu  thcae  results  are  enlarged  and  dcrcloped,  wc  shall  be  able 
to  form  a  better  juilgcmcut  of  the  true  phj'sical  action  of  mag- 
uetism  than  at  present. 

Places  of  no  magnetic  action. 

33i)'I .  Ttic  csscntiul  relation  and  dependence  of  the  two  mag- 
netic dualities  its  manifested,  I  think,  iu  a  very  striking  manner, 
by  the  results  which  occur  when  wc  attempt  to  isolate  northness 
or  southness,  hy  coneentrating  cither  of  them  on  one  space  or 
piece  of  matter,  and  looking  for  their  presence  by  effects,  either 
of  tension  or  any  other  kind,  ftliethcr  connected  with  polarity 
or  not.  A  aoft  iron  bar,  an  inch  square,  3  or  4  inebcs  long  ttud 
rounded  at  the  edges,  had  thirty-two  convolationa  of  corcrcd 
copper  wire  0"05  of  an  inch  iii  diameter  put  round  it,  so  that 
covering  the  middle  part  (if  the  Imr,  chiefly,  it  could  be  shifted 
if  needful  a  little  nearer  to  one  cud  than  tbe  other  j  such  a  bar 
could  be  rendered  magnetic  hy  an  clectrie 
current  [iusscd  through  the  wire,  and  a 
degree  of  adjustment,  in  tlio  strength  of 
the  N  and  S  extremities,  eould  be  cfTccLcd 
hy  this  motion  of  the  iron  in  its  helix- 
Having  six  of  these,  it  was  easy  to  arrange 
them  with  their  like  poles  together,  &o  as  to 
include  a  euhieal  spHCf  or  chamber,  fig.  9 ; 
and  in  this  space  I  worked  by  every  means 
at  my  disposal.  Access  to  it  was  easily 
obtained  by  a  previous  removal  of  a  portion  of  the  solid  anglce 
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of  the  ends  wUicb  ncrr  to  be  brought  together,  or  bir  vithilraviii|[ 
the  clcctro-tnngnetj  u  little  tlic  oue  from  the  othen,  and  thoa  r 
ray  of  light  coiild  be  pa-i«ed  into  or  across  it;  m^cnctic  needle* 
or  crystals  of  bismuth  roulil  be  sus^udetl  in  it; — s  ring  beUx 
couM  he  iutroduced  and  rotated  th«re ;  and  the  uiotiouii  of  any- 
thiug  within  could  be  ohserred  by  the  eye  out«de. 

331S.  A  aniall  tnaguetic  noodle  buug  in  the  middle  of  ibis 
space,  gave  no  iiulicationof  any  magnetic  power;  near  the  opea 
edges  and  angles  vibrations  oecurred,  but  they  were  ns  nothing 
compared  to  the  {lotrcrrul  indication*  giTeuoutaide  the  chamber] 
even  when  the  m(m11c  was  many  inches  away.  A  crystal  of 
bismutb  wiu  entirely  different.  A  piece  of  sod  iron  bung  on  a 
jointed  copper  wire  within  the  chamber  showed  no  trace  of  mag- 
nelic  power,  whether  examined  by  the  little  needle  or  in  any 
other  luatiuer.  Iruu  fdings  on  a  mrd  across  the  chamber  were 
not  aftected  in  the  middle  part,  but  only  near  the  partly  open 
auglee.  A  ring  hcli^  of  many  convolution  it,  having  it«  termina* 
tioQs  ]>at>aing  out  at  opposite  comers,  was  connected  with  a  very 
Hcnaitivc  galvanometer  and  rotated;  it  showed  no  trace  of  induc- 
tive netiou.  Numerous  other  expcrimonts  were  made,  hui  with 
results  altogether  negative.  Attempts  (cbuugb  desperate)  were 
mode  to  ascertain  if  any  electro-cliemica]  conditions  were  induced 
tbcrci  but  ii)  vain.  Kvcry  kind  of  trial  that  I  could  thiuk  uf, 
not  merely  by  teats  of  a  poUr  character,  but  of  all  eorts,  were 
instituted,  but  with  the  santc  nogntire  re&ull. 

3343.  It  was  of  counc  not  to  be  expected  that  any  polar,  i.  e. 
any  dually  related  polar,  action  could  be  exerted  io  thin  place  j 
but  if  the  polarities  con  exist  without  mutual  relation,  wc  might 
surely  espcct  some  coudition,  some  tonic  or  static  slate,  in  a 
chamber  thus  prepared  and  iiurruunded  with  a  high  intensity  of 
magnetic  power,  acting  iu  great  couccntratton  ou  one  particular 
spot  or  subetauce.  But  it  is  act  so ;  and  the  chamber  oBers  a 
Hpucc  destitute  of  magnetic  actiou,  and  free,  under  the  circum- 
stuncctt,  from  magnetio  influence.  It  is  the  complete  analogue 
uf  the  space  prcseuted  within  a  deep  metallio  vessel  or  globe*, 
when  charged  wHth  electricity  (1174.).  Tbcro  is  then  no  eleo- 
tricity  within,  l>ccau»c  that  neccmary  connexion  and  dependence 
uf  the  electric  duals,  which  is  caKntial  to  their  nature,  cannot 
be.  In  like  manuer,  there  is  no  appcaraooe  of  magnetic  force 
'  riiU.  M^c.,  Oa.  IdMv  vol.  ulx.  p.  fi&7,  Bota. 
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in  the  cubical  chamber,  bccatue  tite  duals  aro  not  both  there  at 
once,  nad  one  cannot  be  prcscut  without  the  other. 

33't4.  There  are  many  ways  of  exniniuiii^  iu  a  more  or  Icnn 
perfect  matincr  these  acntral  and  highly  instructive  m&^ctic 
places.    A  cavity  in  tlio  end  of  an  cleotro-magnetic  core  or  a 
pcrmaneat  magnet  will  present  similar  pboiuomeiia,  aiid  iu  some 
respects  even  more  perfectly  j  for  though  a  trace  of  power  will 
perhaps  appeal'  at  the  bottom  of  the  eanty,  the  sum  or  amount, 
as  compared  to  the  aura  of  power  at  the  end  of  the  magnet,  will 
show  huw  noniplrtc  the  niinlogr  hctwcrn  this  apncc  and  the  in- 
terior of  u  metallic  vessel  charged  with,  [jositivc  or  negative  elec- 
tricity is.    A  cylinder  of  soft  iron,  9  inchce  in  length  and  I'Q 
in  diameter,  had  a  ehamlier  0*9  in  diameter  and  1   iDch  io 
depth  formed  in  one  extremity  concentric  with  the  cylinder; 
and  hetug  placed  iu  a  powerful  helix  of  tliick  copper  wire,  and 
aaaociatcd  with  a  Grove's  battery  often  pair  of  plutcv,  was  ready 
for  experiment ; — a  like  chambered  magnet  can  be  prepared  by 
putting  a  proper  iron  ring  a^nst  the  cud  of  any  eloctro-  or 
ordinary  magnet,  and  will  show  the  phfenomena  I  am  alxiut  to 
describe.     A  pica;  oE  soft  iron,  not  more  than  0'3  of  an  inch  in 
length  or  thickness,  held  at  the  end  of  a  copper  wire  and  brought 
near  the  outer  edge  of  the  excited  magnet  polo,  will  be  very 
stronj^ly  attracted ;  l>ut  if  it  be  npplicd  to  the  bottom  of  the 
chamber  it  will  present  no  such  effect,  hut  be  quite  indifferent. 
IF  applied  about  the  aides  of  the  chamber,  it  will  indicate  no 
effect  until  it  approaches  the  mouth.     If  the  magnet  be  placed 
horizontally,  and  a  piece  of  card- board  be  cutj  bo  that  it  can 
enter  the  chamber  and  represent  a  horisontaj  section  of  its 
cavity ;  and,  being  Bprinklcd  over  with  cleau  iron  filings,  is  then 
put  into  its  position  and  the  magnet  excited  for  a  moment  that 
it  may  devclopc  its  power  over  the  chamber  and  Slings  and  give 
them  their  indicative  position  ;  it  will  be  found  that  only  those 
near  tlie  mouth  have  been  driven  into  a  new  {Kwition  (about  the 
ontaidu  angles  of  the  pule],  and  that  four-fifths  of  those  upon 
the  surface  of  the  card  within  the  ehamlier  have  been  left  un- 
aflceied.  uumoved.     If  the  chamber  be  filk-d  with  iron  filings, 
closed  with  a  card,  placed  iu  a  vertical  position  with  the  aperture 
downward,  and  the  magnet  be  then  excited  and  the  card  re- 
moved, the  filings  will  foil  out;  as  they  come  out  they  will  be 
caught  away,  and  form  a  fine  fringe  round  the  external  angles 
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of  tUc  pole,  Wtnotono  will  reiDfiin  at  the  bottom  of  tlie  chamber, 
or  even  naywhere  witliia  the  ctiamber,  except  near  to  its  external 
C^ge.  Wt,  if  ft  piece  of  iron  long  enough  to  rench  out  of  the 
chnmbcr,  a»  a  uail  2,  3,  or  -4  inches  long,  touch  the  bottom  of 
the  chamber,  it  is  strongly  attracted  and  held  there,  and  will 
ftiipport  a  weight  of  Bcveral  ounce*,  though  prevented  from 
touching  the  ehanihcr  anywhere  else  by  a  card  with  a  hole  in  it 
platfd  over  the  mouth. 

3345.  If  a  small  magnetic  needle,  about  O'l  of  an  inch  long, 
be  brought  towards  this  excited  mnguct,  it  \s  almoHt  unmanage- 
able by  reason  of  the  force  escrtcd  upon  it;  btit,  as  aoon  as  it 
has  entered  the  chamber,  the  power  rapidly  diminishes,  and  at 
the  bottom  tlie  needle  is  scarcely,  if  at  all,  affected. 

3346.  II,  instead  of  the  core  and  chamber  dracril»ed,  an  iron 
tube  of  sufficient  thickness  of  metal  (as  part  of  a  ^uu-harrcl)  \tc 
employed,  thcQ  like  cffccbt  occur.  If  the  magnetic  uccdlc  he 
introduced,  it  ceases  to  he  acLed  upon  when  about  To  inch 
within  the  tube.  If  the  tulx;  be  more  or  less  dlled  with  iron 
filings,  and  then  be  oxcitod  and  held  vertical,  they  will  all  pour 
out  and  fall  away,  except  those  which  arc  retained  at  the  external 
ctlgcs.  Yet,  if  a  long  uail  or  iron  rod  be  introduced,  so  ostolic 
partly  out  of  the  cylinder,  then  it  will  be  rtrongly  attracted  at  the 
internal  point,  where  it  tonehes  the  iron  of  the  tnbe  core. 

3347.  The  rcaliaation  of  like  clTcct.-*  by  grouping  together  the 
poles  of  ordinary  mtijrti(!t<*  sit'<^  most  iuterestiug  results.  I  have 
fuiir  very  hard  istccl  magnets,  each  6  inches  iu  length,  1  inch  in 
breadth,  and  O'i  nearly  in  thieknesa. 

When  the   four  like  poles  are  put  ^f-  ^^■ 

together,   fig.    10,    they  form  a    flat 

si|iiarc  chamber  in  the  »amc  plane  as 

that  of  the  maguetji.    If  a  piece  of 

stiff  paper,  the  siise  of  tliisi  chamber, 

be  raised  on  a  block  0*2  of  an  inch 

high,  then  sprinkled  over  with  iron 

filings,  and  the  magnets  afterwards  approacheil  rc^larly  nntil 

the  square  chamber  is  formed,  a  Uttle  tapping  on  the  canl  will 

then  arrange  the  filings  in  lines  from  the  aidcit  of  the  square 

chamber  to  the  centre.     The  filing  show  nt  once  the  direction 

of  the  lines  of  force  in  this  median  plane,  and  their  greater 

ftbuudaucc  at  the  middle  of  ciLch  pole  Ihan  at  the  re-entering 
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angles ;  and  if  tHe  filings  be  then  removed  aod  tlic  indicstion  of 
t1ic  coarse  of  tlic  lines  be  followed  out  by  a  Hoinll  magnetic 
needle,  it  will  he  found  that  tlie  lines  rise  upwards  from  thi»  plane 
above,  and  dRwrend  fipra  it  beluw,  aiid  tht-ii  turn  back  upon  tJitir 
course  in  the  free  apace  over  and  beneath  tiic  arraugcmeut 
towartU  the  S  poles  of  tlie  diPfrrcnt  magnets,  Tlic  condition 
will  be  undcratood  in  a  moment,  by  foiwidering  the  stphondjloids 
of  power  belonging  to  each  magnet  (3371.),  mid  the  manner  in 
which  they  are  a«80ciated  when  the  four  like  pohs  come  together. 
ii^l8.  When  the  magnets  ai-c  turned  edges  upwards,  they 
form  a  vci'tical  chamber  1  iucti  high,  and 
only  0*4  of  an  inch  in  width,  and  now  ^"'s*  "• 

phienomena  likr  thone  juat  ilescrihed  occur, 
but  only  near  the  cutriinccsto  the  chamber; 
aa  the  little  needle  proceeds  into  the  en- 
closed space,  the  power  of  the  magnets  be- 
comes Ic99  and  less,  and  at  the  middle  of 
the  chamber  scarcely  a  trace  remains ;  that 
place  being,  like  the  closed  chamber,  formed  with  nix  poles  [33H  ■), 
or  like  the  huttoni  of  a  chamher  formed  in  the  end  of  a  magnetic 
pule,  a  iicutruJ  place,  or  place  uf  no  magnetic  action. 

3349.  The  trausitioii  by  degrees,  from  a  pointed  conical  pole 
to  an  enclosed  ebaiuber,  ia,  fi-om  the  results  described,  very  evi- 
dent ;  and  so  also  is  their  connexion  with  those  belonging  to  the 
numerous  neutral  places  produced  imder  ordinary  circumstancca 
(32IW.  figs,  fi,  10,  II,  15).  Not  the  slightest  diflicuty  or  hesi- 
tation occurs,  when  these  results  arc  read  or  considered  by  tho 
principle  of  representative  lines  of  force;  all  the  variation  in 
the  strength  of  the  magtietie  force  and  in  the  direction  appear 
at  once.  But  the  great  poLut  is  to  observe  how  they  all  concur 
in  showing  the  necessity  of  the  complete  and  equivalent  dual 
Tclation  of  (he  magnetic  forces.  When  that  h  dimiuishcd  or 
iiitei-fered  with  in  any  degree,  in  the  «ame  projiortion  docs  the 
power-OS  a  whole  become  diniishcd;  until,  at  last,  it  absolutely 
disappears  from  a  given  place,  (hough  energies  of  the  strongest 
kind  arc  directing  the  force  on  to  that  spot,  supiKisiug  that  one 
of  the  dual  elements  could  exibt  iu  any  degree  without,  or  inde- 
yicndent  of,  the  other. 

3350.  When  formerly  working  with  bismuth  and  magnets,  I 
described  several  results  (2298.  2-187.  2-10 1 .)  due  to  the  principle 
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of  neutral  ma^etio  places,  more  or  lesa  devdopod.  If  a  Ajiherc 
or  cube  of  bismatli  be  delicately  sospeodud  by  n  vertical  sunpen- 
sion  or  on  a  torsiou  batancp,  and  au  N  pole  be  brought 
towards  it,  %.  12,  the  biitrauth  will  be  rp> 
pclliod  and  the  BUBiwnsion  deflected : — if  n 
second  N'  pole  be  brought  up,  lu  in  the 
figure,  the  bi«m«th  will  be  less  rei)elled  by  N 
than  before,  vill  return  towards  it,  and  N'  ndtl 
also  seem  to  attract  it,  for  ou  approaching 
the  bismuth  will  tend  to  go  into  the  angle 
formed  by  K  and  N'.  If  a  third  pole,  N",  bo 
bi-oiight  np  on  the  opposite  side,  the  bismuth  nill  then  mepm  to 
be  attracted  by  it,  nnd  by  the  first  pole,  and  will,  in  fact,  return 
rcrj'  nearly  into  the  position  it  would  hare  if  all  the  magnets 
were  away.  I  thouglit  at  one  time  tti&t  magnetic  structare,  giren 
by  the  second  nortU  pole  N'  to  the  binmnth,  might  produce  the 
Hppruximation  of  it  to  N,  and  if  !k>,  that  this  would  Iwneulraliied 
by  the  action  of  a  like  pole  N"  on  the  opposite  side,  and  so  the 
approximation  of  the  bismuth  (if  due  to  such  a  cause)  be  pre- 
vented. On  the  contrari',  however,  such  a  pole  incrtastii  it  ; 
and  a  moment's  consideration,  by  showing  that  the  three  pole* 
form  a  chamber  of  diminished  or  no  action  ^3341.  3347.),  shows 
also  that  such  ought  to  be  Itic  case.  All  the  movements  of  the 
bismuth  arc  tlic  result  of  the  tendency  which  it  has  to  pass 
horn  stronger  to  weaker  places  of  magnetic  action  (^16.)  j  and 
in  the  present  cute  they  «hov  tAai  wcokenotl  place,  which  in  a 
higher  degree  would  he  a  jitacc  of  no  magnetic  force. 

The  MovtHg  conductor. 

83B1.  I  wish  to  make  a  few  further  remarks  (33,16.  3337.) 
upon  the  tbIuo  of  the  moving  conductor,  as  a  mcaus  of  investi- 
gation in  magnctical  science.  It  will  be  sufficient  to  refer  to 
former  papers  for  a  statement  of  the  principles,  the  power, 
find  the  ecrtainty  of  ita  indications  (3160.  3173.  3176.  3270.). 
At  present,  I  desire  to  apply  it  in  a  direct  form  of  experi- 
meut,  to  the  supposed  contrary  polarities  of  iron  and  bismuth 
(3309.). 

3^62.  Four  metallic  spheres  of  copper,  bismuth,  soft  iron,  and 
hanl  steel,  08  of  an  inch  in  diameter,  have  been  prepared  ;  each 
has  a  copper  axis  carrying  a  small  wooden  pulley,  so  that  vfaeu 
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in  ito  aupporting  fi'ame,  i-otatiotij  more  or  lew  rapid,  con  be  given 

to  it  by  the  baud  of  a  moltipljiiig  vfaccl ;  each  also  has  s  thia 

copjier  ring  driven  tightly  on  to  it  at  tlie  equator,  which,  being 

grooTcti,  serves  to  retain  a  galvaaonictcr  wire  pnaacd  against 

that  part  during  the  revolution  of  tlic  globe ;  tite  otliar  wire 

meanwhile  bcitiR  hold  against  the  copper  axis.     Theiio  globes,  in 

their  IVamo,  could  bp  placed  ouc  by  one  in  the  magnetic  field  of 

a  powerful  permanent  Logcman 

magnet,  ao  as  to  bo  nubject  to  ^- 1^* 

the  iDuguvtic  force,  6g.  13;  and 

then  rot&ted,  and  the  curroti'tB 

of  clcctrit^ity  induced   in  them 

carried  to  galvanometers.     Two 

auch  instrumentawere  employed,  \~J 

one,  a   Rnhmkorffs,   with   fine 

wire  (2661.)  J  the  other  with  ntbicit  wire  of  only  four  revolution* 

{3178.}.     The  Intti^rwni  the  beat,  but  both  gave  good  indications. 

The  position  of  all  thing  concerned  was  prcser\-cd  undisturbed 

during  the  experiments,  so  that  it  will  not  be  necessary  to  do 

more  than  to  describe  a  stamlard  effect,  and  afterwards  refer 

other  eSectD  tu  it.     This  atandanl  may  be  taken  from  the  current 

indicated  nhctk  the  copper  globe  was  in  tiic  magnetic  field ;  and 

it  was  such,  when  the  upper  part  of  the  glolw*  niovwl  westward, 

as  to  scud  the  south  cuds  of  the  galvanometer  needles  to  the 

west  also  :  eight  or  ten  revolutions  of  the  globe  would  caui»c  the 

needles  to  pass  tlirotigh  80^  or  90°. 

3353.  The  soft  iron  sphere  was  placed  in  tlie  magnetic  field) 
it  was  so  good  iu  character  as  to  retain  very  slight  traces  of 
magnetism  when  taken  out  again,  llciug  revolved,  it  gave  A 
current  of  electricity,  the  saine  in  direction  as  that  of  the 
standard  or  copper  ball.  It  ia  easy  to  understand,  tiiat  if  the 
g1nbc  be  raoveil  parallel  to  itself,  but  away  from  the  magnet,  in 
n  line  perpendicular  to  the  magnetic  axi«  (as  into  the  dotted 
position,  33S2.  lig.  13),  it  will  pass  through  places  of  wonkcr 
magnetic  action.  Under  such  changes  of  place,  the  induced 
current  was  weaker  or  stronger,  according  to  the  distance,  but 
always  in  the  same  direction.  j\£sumiiig  that  the  rotatmg  metal 
supplies  a  true  indication  of  the  polarity  or  direction  of  the 
magnetic  force  (3077.),  the  results  show  tliat  the  polarity 
of  the  force  which  induces  tlicK  currents  and  which  is  the 
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magnetic  force  of  the  dominant  magnet,  U  the  s«me  both  iu  tlie 
copperanfl  in  the  iron.  Other  cases  of  the  current  from  rei'olvmg' 
iron  majr  \w.  rcfcrrwl  to  in  thu  E\p.  Res.  {3LC3.). 

3351'.  The  bismuth  gluhc  wua  placed  in  the  ma^ctic  field. 
2f  inadc  to  kvoIyc  muchj  vitU  the  galvanometer  wire  press- 
ing against  the  copper  equator  (3352.),  the  latter  became 
warm  hy  fricliun,  und  a.  pLTWuiieiit  ihcmm-eurrent  w&s  pro- 
duced :  this  has  been  considered  on  a  formrr  occasion  (3168.). 
Its  effect  19  easily  climiiiatcd  by  revolving  the  globe  a  girca 
number  of  times  in  opposite  directions,  observing  the  tvo 
deflections,  nddinjif  them  together,  and  taking  the  half  of  the 
sum  for  the  nmonnt  of  induced  current  in  cither  one  direction 
or  the  other;  for  an  tlie  Ihermo-currcnt  ia  added  ontheoncMde 
mud  subtracted  on  the  otiier,  such  a,  process  given  the  real 
amount  of  the  iuduccd  current.  VVIicn,  however,  the  bismuth 
sphere  is  revolved  only  five  or  ten  times,  the  thcrmo-effect  is  so 
small  OR  to  make  the  galvanometer  defleclion  very  little  more  in 
one  direction  than  in  the  other.  When  due  attention  iraa  given, 
the  rotation  of  the  hi&ninth  sphere  pniduccxl  un  induced  current 
in  precisely  the  same  direction  as  those  obtained  with  the 
copper  and  iron ;  and  so  far,  therefore,  it  indiratt^d  precisely 
the  same  direetiuu  of  patarity  for  the  magnetic  force  then  acting 
%tj>ou  and  in  it. 

3355.  The  hard  aieel  sphere,  having  been  previously  examined 
by  a  small  needle  and  found  to  be  unraagnctized,  was  placed  iu 
the  mnguetie  field.  It  was  then  revoked,  and  gave  an  induced 
nia^neto-electrie  current  in  the  same  direction  as  the  former 
currents,  llclng  removed  and  again  cxamiiic<l  by  the  magnetic 
needle,  it  was  found  not  to  have  received  any  sensible  charge  of 
magnetism. 

335B.  So  these  four  metal  globes  indicate  like  polarity  of  the 
magnetic  force,  acting  upon  and  within  them,  when  examined 
thus  by  the  mngneto-eleetrie  current  due  to  movement  across  the 
lines  of  force.  By  rc«ctirches  described  elsewhere,  it  ia  known 
that  all  metals,  and  uU  bodies  which  arc  suffieientir  elcetro-eou> 
ductors,  down  even  to  aqueous  llnidn,  give  the  samcdin-ctiouof 
the  magncto-eleelric  current : — it  is  never  reversed  without  re- 
version of  the  poUrity,  and  reversion  of  the  polarity  oiwaya  re- 
verses the  current  induced. 

3357.  The  Imrd  att-cl  sphere  was  now  made  a  maijaet,  aud 
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tliough  uot  of  good  Bliapc  to  retain  magoellsm,  yet  because  of 
ita  hardness  It  was  ublc  to  sustain  being  placed  iu  ilic  magnetic 
field,  in  a  position  the  reverse  of  the  polarity  there,  and  yet  retained 
its  ovFu  polarity  ;  for  when  taken  out  and  ciamincd  by  n  magnetic 
needle,  the  polarity  was  found  to  be  the  same  as  before.  Such 
being  the  cose,  it  seemed  to  me  that  thi!)  magnet  might  l)e  cm-> 
ployed  to  represcut,  according  to  the  ricw  of  those  who  conceive 
that  iron  and  bismuth  are  polarized  in  opposite  dinxtioiu  iu  the 
jragnctic  field,  both  iron  and  bismuth;  inasmuch  as  it  could  bo 
placed  in  the  tield  in  that  condition  of  polarity,  which  the»c  are 
supjWHcd  respectively  to  acquire  there.  The  globe,  magnet  was 
therefore  placed  in  the  magnetic  field  in  a  position  conformable 
to  that  of  the  dominant  magnet,  i.e.  with  ita  N  pole  towards 
the  S  pole  of  the  magnet,  &e. ;  and  being  rotated,  it  give  an 
induced  magtielo-eleetric  current  like  that  of  tlio  standard  and 
of  iron  {3552.  3333.).  The  domiuaut  magnet  was  then  with- 
drawn to  a  di-itance  (3353.)  and  the  globe  rotated  by  itself;  it 
gave,  as  it  ought  to  do,  the  same  current  as  before;  for  it,  by 
its  cocrcitirc  force,  retains  permanently  that  state  of  polarity, 
whi(?h  the;  iron  eoutd  receive  only  temporarily  whiUt  in  the  mag* 
nctic  field:  being  now  turned  18U°  in  a  horizontal  direction, 
the  globe  magnet  was  reversed  a?  regarded  the  dominant  maguet 
(the  latler  being,  however,  still  at  a  dist^incc),  and  now  the  globe 

^ttfcgnet  gave  a  current  the  reverac  of  the  former,  or  of  the 
standard  current ;  and  yet  a  very  consistent  current  in  relation 
to  its  own  polarity. 

3358.  The  dominant  magnet  was  now  gradually  brought  up, 
and  ita  effect  on  the  reversed  globe  magnet  observed.  Tlic  cur- 
rent from  the  latter  became  less  and  less,  and  at  last  waa  in- 
verted, bocomiug  like  that  of  the  standard  current;  nor  can  that  * 

'  bewondercd  at,  when  it  is  eonsiderc<l  that  the  dominant  magnet 
was  the  largest  supplied  by  Logemnn  to  the  Groat  Kiihibition, 
and  able  to  suntain  a  weight,  of  430  pound.*,  and  the  sphere 
magnet  oidy  IhS  of  an  inch  in  diamtAer,  and  very  imperfectly 
hardened  in  the  interior.  But  when  the  dominant  magnet  was 
withdrawn  a  little,  a  place  wa<<  soon  found  for  the  globe  magnet, 
where  its  rotation  in  cither  direction  produced  no  cnrrent  at  all. 
Outside  of  this  place,  the  rotated  sphere  gave  a  cnrrent,  the 
reverse  of  that  of  the  standard;  whilst  the  iron  and  bismuth 
spheres  in  the  same  place,  gave  currents  alike  in  kind  and  the 
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sanic  w  ttibt  of  the  standard.  In  thin  region,  therefore  (and  it 
is  like  the  whole  of  tlie  magnetic  field  of  maiiT  inrcrior  yet  very 
powerful  majfocta),  if  we  represent  bismuth  Ijy  a  magact, 
rcreracly  polar,  aa  bismuth  '\s  supposed  to  be,  ire  obtain  induced 
raagucto •electric  current!,  not  like  those  of  bitmuth,  but  the 
coiitnirj- ;  and  if  wc  turn  the  rcprcsentntivc  niagnct  round,  so 
an  to  give  it  the  position  in  vhicL  it  ^eldn  currcntit  like  thaw 
of  the  bisnnith,  then  ita  politritj'  ooutrnilicbi,  or  is  tho  rcrene 
of  the  a>>«uinc(l  [lolarity  uf  the  biBuiulh. 

9369.  Now  until  the  polarity  or  direction  of  the  magTwtic 
force  which  dntermiiieti  tho  course  of  the  iudaccd  magneto-elec- 
tric currtmu  produced  in  every  moving  conductor,  is  diatiu- 
gntahed  and  separated  from  the  polarity  or  direction  wliich 
cnuses  movcmout  amongst  bodies  subjected  to  the  same  force, 
litiw  can  these  phsnomena  be  accounted  for  by  the  eupposition 
that  the  biamuth  sphere  is  in  the  same  polar  condition  as  tho 
reversed  glolic  magnet  ?  The  reversed  magnet  is^  in  fact,  the 
contrary  to  bismuth  and  to  iron ; — ^then  bismuth  and  iron  raiut 
be  the  same.  Tho  direct  moguct  is  the  ffanu^  as  the  bismuth,  in 
that  polarity  which  induces  a  current ; — then  the  magnet  and 
the  bimuth  arc  the  same.  How  easily  all  these  clfccts  present 
themselved  in  a  consistent  form,  if  read  by  the  priueiplo  of 
representative  lines  of  force  I  The  reversed  globe  mnguct  at  a 
distance  from  tbc  dominant,  shows,  in  revolving,  the  effect  of 
the  lines  uf  force  within  it  (3IIfi.)  i  ^  the  magnet  is  ap- 
proached, its  external  aphondyloid  of  power  is  compressed 
inwards  (323tj.  fig.  15),  and  at  last  the  magnet  is  self-contained; 
then  showing  the  equaliaatiou of  its  own  p<jwers,  and  ni  yet  tlie 
absence  from  within  it  of  any  of  the  powcnt  of  the  chief  magnet; 
so  that  it  gives  no  induced  currents,  though  in  a  \iliux  where 
■bismuth  and  iron  would  give  them  freely.  Within  that 
distance  the  effect  of  the  8U{>crior  and  overpowering  force  of 
the  great  magnet  appears  (SS58.},  which,  though  it  can  take 
partial  possession  of  the  little  uiuguet,  still,  when  removed, 
suffers  Uio  force  of  the  latter  to  dcvclupv  itself  again,  and 
present  the  same  series  of  pluenomcna  as  before, 

3SG0.  Van  Recu  admits,  I  bcUove,  that  the  moving  wire 
■hows  truly  the  presence,  direction,  and  nature  of  the  magnetic 
force  or  forces ;  and  it  is  veiy  important  to  know  that  the  sot' 
ting  vi  a  magnetic  nccdk^  or  crystal  of  bismuth,  and  the  produc- 
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[iion  of  a  current  of  electricity  in  a  moving  conductor,  are  like 
correlative  and  conacciucnt  cftccts  oE  the  magnetic  force;  the 
power  of  prodnoinR  one  or  the  other  effect  being  rigidly  the  same, 
philosophers  should  either  agree  or  ililTer  diatiucll  y  ou  ibiu  point; 
so  that  if  they  differ,  tliey  may  dUtinguiah  clearly  the  physical 

,  separation  of  the  phieuomeua;  which,  if  estnbtinhcd,  munt  leail 
lo  new  and  iiaportaut  discorcricfl.  The  polarity  direction  which 
the  moving  conductor  makes  manifest,  whether  that  condnctor 
he  one  of  the  pariim  ague  lie  or  diaraagnetic  bodies  tlieinsclves,  or 
whether  it  he  a  coniUicior  moviog  amongst  them,  either  by  itself 
or  with  them,  U  aittvyt  the  same.  The  electric  current  pro- 
dueed  never  iudieatea  a  ehango  in  the  direction  of  tlic  polarity, 
from  that  bclouffiug  to  Ihe  Jint  source  or  seat  of  the  power  j 
whether  it  be  a  magnet,  a  aolenoid,  or  of  any  other  nature ;  the 
only  difTcreuce  being  iii  the  strength  of  the  electric  current 
produced,  which  tlifl'crcuce  is  directly  referable  to  the  ck-ctro- 
conducting  power  (3113.  8152.  3IG3.).  If  such  be  the  uaturaJ 
truth,  how  caa  the  two  modes  of  indication  ever  give  oppostto 
results?  If  opimsite  results  uccm  to  appear,  and  only  occa- 
sionally, is  it  that  mode  of  induction  which  gives  ouc  consistent 
tcsilU  that  we  should  doubt,  or  that  which  seems  to  be  incon- 
eiatcnt  with  itself?  especially  when  similar  contrary  phienomcna 
in  abundance  arc  known  to  be  produced  by  bodies  having 
iike  polarity  (3316.),  and  when  excellent  physical  reasons, 
founded  on  diHercntial  action,  oiler  themselves  for  their  expli- 
cation. There  is  snfRcient  reason  to  ailmit,  that  the  mag- 
netic uccdle  cannot  be  always  a  true  direct  indicator  of  the 
amount  or  the  direction  of  magnetic  action  (2808,  2870.  3166. 
32i)3.).  Should  wc  not  therefore,  in  respect  of  the  above  phai- 
nomcna,  rather  conclude,  for  the  time,  that  the  simple  and  uni- 
form results  of  the  ouc  moile  of  action,  are  the  true  indioatioa  j 
and  thnt  where,  iu  the  other  raodf,  the  phasnomuna  arc  reversed 
or  duuhlod,  a  part  of  them  arc  camjiound  in  their  nature  ?  1 
may,  in  conclusion,  remark,  that  the  effects  of  motion  and  those 
prtidiioed  in  the  action  of  mnguetismon  light,  are  neverrevRrsed 
iu  Juiy  c-ase,  whntevcr  the  medium  in  which  they  are  observed; 
both  point  to  one  direction  of  polarity  only,  namely  that  of  the 
dominant  source  of  magnetism. 

3361.  I  will  bring  theac  imiicrfcct  observations  to  an  end,  by 
a  rery  brief  atatement  of  what  I  suppose  to  be  the  condition  oC 
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B  magnet;  and  by  a  dUcI aimer,  as  to  anything  like  conriction  OD 
all  points  of  that  n-bicb  I  set  forth  as  a  supposition  tendinff  to 
lead  to  inquiry.  Contemplating  a  bar  magnet  by  itself,  I  bm 
in  it  a  source  uf  dnal  power.  I  beUevc  its  dualities  sro  GSHn- 
tially  related  to  cucb  utbcr,  aud  cannot  exist  but  by  that  rela- 
tion. I  tliiuk  that,  tliougb  related  tliroiigli  the  magnet  by  sua- 
tuiuiug  power,  they  arc  not  so  related  I>y  diRcbargiug  or  inducing 
power,  a  power  cqnol  in  amount  to  the  cocrcitivc  or  siutainiog 
power.  The  i-cUlioa  cxIcmoJly  appears  to  mc  to  be  through 
the  sjiacc  arouud  the  magnet;  in  vhich  space  a  sphondyloid  of 
power  is  present  coiisiating  of  closed  curves  of  magnetic  force. 
That  the  spar«  is  not  magnetically  dark  (3305.)  appears  tn  me 
by  this;  tliut  when  bodies  occupy  that  space,  having  like  rela- 
tion  by  known  phienomcna  to  the  power  as  the  space  has,  as 
copper,  mercury,  &c.,  tlioy  produce  magneto-electric  current* 
when  moved.  When  bodies  (media)  occupy  the  space  arouud 
the  magnet,  they  modify  its  capability  of  tronsmittiug  and  rela- 
ting the  dual  FurccK  uf  the  magnet,  and  as  they  incrcaac  or 
diminish  that  capability,  arc  parama^etic  or  dtamagnctic  in 
their  nature;  giving  rise  to  the  phaiuomena  whieb  come  nnder 
the  term  of  magnetic  eondnetion  (2797).  The  same  magnet 
cm  hold  diCTercat  charges,  aa  the  medium  connecting  its  poles 
varies;  and  so  ouc,  fully  charged  with  a  good  medium,  as  iron 
bctwceu  its  iKiles,  falls  in  power  wbcii  the  iron  is  replaced  by 
air,  or  apace,  or  bismuth.  Corresponding  effects  occur  with 
longer  or  shorter  magnets  (.')2d().),  or  with  magnets  maile  tliick 
by  adding  many  sideways  together  (3287.).  The  medium  abont 
a  magnet  may  be  mixed  ia  its  nature*  and  then  more  dual 
power  is  disposed  of  through  the  better  conductor  Uian  the  worse, 
but  the  whole  amount  of  power  remains  unchanged.  The  powers 
aud  utility  of  the  media,  and  of  space  itself,  fail,  if  the  dun]  force 
or  polar  action  be  interrupted.  The  magnet  could  not  exist  with- 
out  a  surrouudiiig  medium  or  space,  and  would  be  cxtingnished 
if  deprived  of  it,  aud  in  extinguinhcd,  if  the  space  be  occupied  ad- 
versely by  the  dual  power  of  n  dominant  ma^ct  of  sutScicut 
force.  The  |>olarity  of  each  line  of  force  is  in  the  name  direction 
throughout  ihe  whole  of  iU  closed  course.  Pointing  iu  one  direc- 
tion or  anotlicr,  i.*  a  difTcrcutlal  action  due  to  the  convergence  or 
divcrgcucuof  the  liuesof  force  upon  tlie  substance  act^d on,  accord- 
ing as  it  is  a  better  or  a  worse  conductor  of  the  magnetic  force. 
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3362.  Bat  though  such  is  my  view,  I  put  it  forth  with  all 
the  reaervation  mode  on  former  occasions  (3244.  3299.].  I 
do  not  pretend  to  explain  all  points  of  difficulty.  I  have  no 
dear  idea  of  the  physical  condition  constituting  the  charged 
magnetic  state;  t.  e.  the  state  of  the  source  of  magnetic 
power: — or  of  the  coercitivity  by  which  that  state  is  either 
resisted  in  its  attainment,  or  sustained  in  its  permanent  condi- 
tion ;  for  the  hypotheses  as  yet  put  forth  give  no  satisfaction 
to  my  mind.  I  profess  rather  to  point  out  the  difficulties  in 
the  way  of  the  views,  which  are  at  present  somewhat  too  easily 
accepted,  and  to  shake  men's  minds  from  their  habitual  trust  ia 
them ;  for,  next  to  developing  and  expounding,  that  appears  to 
me  the  most  useful  and  effectual  way  of  really  advancing  the 
subject : — it  is  better  to  be  aware,  or  even  to  suspect,  we  are 
wrong,  than  to  be  unconsciously  or  easily  led  to  accept  an  error 
as  right. 

Royal  Instilulion, 
20  Dec.  1854. 
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Thb  magnetic  and  electric  fomu  of  power,  beiug  dual  ui  tbnir 
diaractcr,  and  u]»o  aiile  to  act  at  a  dii<taiicc,  will  pru)>ahly  aid 
greatly  in  the  dcvelopmeat  of  the  nature  of  pliyitical  furc« 
genernllr;  uu)  if  (as  I  believe)  the  dualities  are  ejtstmtial  to 
the  IbriTHj  nn;  always  c!i|ual  uud  ecjuivaleut  to  eacli  other,  and 
are  «>  muliially  dcpcudeut,  that  one  caunot  appear,  or  eren 
exist  vitliout  the  otlier,  the  proof  of  the  truth  of  such  condi- 
tions vould  lead  to  many  consctjucuccs  of  lUe  highest  impart' 
ancc  to  the  philosophy  of  force  generally.  A  few  hricf 
expcrimc^Qts  with  the  electric  power  quickly  place  the  dual 
casoi  before  the  contemplative  mind-  Thin,  if  a  metallic 
vcsaet,  as  an  ice-pail,  bo  insulated  and  cuiuicctixl  with  a 
dcUi.-atc  ^old-leaf  electrometer,  or  other  like  instrument,  and 
then  an  insulated  metallic  globe,  half  the  diameter  of  the  ice- 
pail,  be  charged  with  positive  eleetrieity  and  placed  in  the 
middle  of  the  pail,  the  latter  being  for  the  moment  uninHU- 
Intcd  by  a  touch  outside,  and  then  left  insulated  again,  the 
■whole  system  will  show  no  sign*  of  electricity  externally,  nor 
■will  the  electrometer  he  affected  ;  but  a  carrier  applied  to  the 
ball  within  the  vessel  will  bring  away  ftx)m  it  positive  electri- 
city, showing  its  particular  state  of  charge ;  or  being  applied 
to  the  lower  inside  sorfaee  of  the  vessel  will  hrtng  away 
negative  electricity,  proving  that  it  has  the  coutraty  state :  or 
the  duality  may  be  proved  by  withdrawing  the  ball,  when  the 
Teasel  will  »how  Itself  lu^ative  by  the  electrometer,  and  the 
ball  will  be  found  [loaitire.  Tlutt  the«c  dualities  are  cqaal^  is 
further  ahown  by  replacing  the  bait  within  the  vesad,  obfor- 
ling  the  clcLtronicter,  bringing  the  hall  and  vessel  iu  coutactj 
and  agaiu  observing  the  electrometer,  which  will  remain 
imcliiuigcd ;  and  hually  withdrowing  the  hall,  which  comes 
awny  i)crfcctly  discharged,  and  leaves  the  vessel  externally  in 
ita  unrl)»iig(Hl  and  previous  state.  So  the  electric  dualities 
arc  equal,  equivalent,  and  mutually  sustainetl.  To  show  that 
one  cannot  exist  alone,  iu^ulate  the  metallic  vpRsel,  obargc  it 
strongly  by  cuutaet  Viith  the  machine  ur  a  Ijcydcn  jar,  »i»l 
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t]ien  dip  the  insulitted  hall  into  it ;  and  after  touching  the 
bottom  of  the  tcsscI  with  the  ball,  remove  it,  without 
touching  the  (titles:  it  would  be  Found  absululiTly  free  firom 
charge,  whatever  its  previous  Htate  may  have  been;  for  uonu 
but  a  sin)tte  state  cau  extgt  at  the  bottom  or  such  a  mctnlltc 
TMsel;  and  a  iiingh*  state,  i.  e.  an  uurclated  duality,  cannot 
Axist  alone. 

The  correajjoudiug  dualities,  i.  e.  the  sortbneaa  and  the 
Houthness,  of  the  maguctic  force  are  well  kaovu.  For  the 
purpose  of  insulating,  H  possible,  one  of  theec,  and  separating 
it  in  any  degree  from  the  other,  numerous  cxporimeuts  have 
been  made.  Thus  six  equal  clectro-maguets,  formed  of  s(|U)uro 
bwra,  were  put  together  in  the  direction  of  three  lines  perpen- 
dicular to  each  other,  fo  that  their  inner  ends,  being  all  ^ike 
in  polarity,  might  enclose  a  cubical  space  and  produce  an 
experimental  chamber.  When  excited,  the«c  magnets  were 
YCTf  powerful  in  the  outer  direction,  as  was  found  by  nailii, 
ftUngs,  spimb,  and  needles ;  but  within  the  ehimiljcr,  walled 
in  on  every  siili:  liy  intense  north  pules,  there  was  no  power 
of  any  kind:  Blings  were  not  arranged;  small  needles  not 
afTcctcd,  except  an  tlicy  by  their  own  inducing  powers  caused 
arrangements  of  the  force  within;  revolving  wire  helices  pro- 
duced DO  enrrents ;  the  chamber  was  a  place  of  no  magnetic 
action.  Onlinary  magnetic  potcs  of  like  nature  produced 
corresponding  results.  A  single  pole  prCAcntcd  its  usual 
character,  attracting  iron,  repelling  bismuth;  a  like  potc,  at 
right  angles  to  it,  formed  a  re-entering  angle,  and  there  a 
weak  place  of  magnetic  action  was  caused;  iron  was  attracted 
from  It  to  the  prumuient  corners ;  bismuth  moved  up  into  it ; 
and  a  third  like  pole  on  the  opposite  »idu  mudc  the  place  of 
weak  force  alill  weaker  aud  lai^cr ;  uuother  pole  or  two  made 
it  vei^'  weak;  six  poles  brought  it  to  the  condition  above 
described.  Even  four  poles,  put  with  their  longer  edges 
together,  produced  a  lengthened  chamber  with  two  entrances ; 
and  a  little  needle  being  carried  in  at  cither  entrance  passed 
rapidly  through  spaces  of  weaker  and  weaker  furee,  and  foimd 
a  part  in  the  middle  where  magnetic  action  was  not  sensible. 

Other  vet}"  interesting  re»inlts  were  obtained  by  making 
chamber*  in  the  polar  extremities  of  electro-magnets.  A 
cylinder  magnet^  whose  core  was  1*5  inch  in  diameter,  had 
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a  conconbric  cylindrical  chamber  formed  in  Ibc  cod,  0*7  in 
diameter,  and  I'S  inch  deep.  When  iron  filings  were 
Iiruiigfat  near  this  excited  pole,  thcj  clung  aroand  the  outAtde^ 
but  none  entered  tlie  cavity,  except  a  very  few  near  the  outer 
edge.  When  they  were  purposely  placed  inside  on  s  card  Ibejf 
were  quite  mdilTcrcnt  to  thocxcttcd  pole,  cxcupt  tliat  those  near 
the  mouth  of  the  chamber  movnl  out  and  werL-  attracted  to 
the  outer  cdgL\t.  A  piccc  of  isoft  iroD  at  the  end  of  a  cupper 
wire  was  strongly  attracted  by  the  outer  parts  of  the  pole, 
but  unaffected  within.  When  the  cliamlier  was  filled  with 
iron  HHiigB  and  inverted,  the  maguct  being  excited,  all  those 
from  the  bottom  and  interior  of  the  chamber,  fell  out,  many, 
however,  being  caught  up  by  the  outer  parts  of  the  pole.  If 
pieces  of  iron,  successively  increasing  from  the  size  of  a  filing 
to  a  uail,  a  spike,  and  %q  on  to  a  long  bar,  were  brought  into 
coutact  with  the  same  point  at  the  bottom  of  the  inverted 
chamber,  though  thr  fding  coidd  not  be  held  by  attraction, 
nor  the  smaller  piecea  of  iron,  yet  as  soon  as  those  wero 
employed  which  reached  to  the  level  of  the  chamber  moutb, 
or  beyond  it,  attraction  manifcsteil  itself;  nnd  with  the  larger 
pieces  it  rose  so  higii,  that  a  bar  of  some  pounds  weight  could 
bo  held  against  the  very  spot  that  was  not  sufficieut  to  retaiu 
an  iron  filing. 

These  and  many  other  results  prove  cxiierimcntjilly,  that 
the  magnetic  dualities  cannot  appear  alone;  and  that  when 
they  are  developed  they  are  in  equal  proportions  and  essen- 
tially connertid.  For  if  not  essentially  connected,  how  could 
a  magnet  ciist  aluuc?  Its  power,  evident  when  other 
magnets,  or  iron,  or  bismuth  i«  near  it,  must,  upon  their 
removal,  then  take  up  some  other  form,  or  exist  wUAovl 
action:  the  first  has  never  been  shown  or  even  suspected; 
Lho  second  is  an  impossibility,  being  inconsistent  with  tho 
conservation  of  foree.  Itiit  if  the  dualities  of  a  single  magnet 
are  thrown  upon  each  other,  and  so  become  mutaally  related, 
is  that  in  right  linci  through  the  magnet,  or  in  curved  lines 
through  the  space  around?  That  it  is  not  in  right  linos 
through  the  magnet  (it  being  a  stmight  bar  or  sphero)  is 
shnwu  by  this,  that  the  proper  means  an  a  heliK  round  the 
miif;iiet,  shows  that  the  internal  dis]^H»ition  of  the  force 
[vocrcLtivc  or  other)  is  not  afEectcd  when  the  magnet  is  exert- 
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tng  its  power  on  other  magnets,  or  vrlieo  left  to  Itaclf  (Bxpe- 
rimental  Itcsearches,  3111).  3121.  3215.  &c.}  ;  ami  like  means 
show  that  the  erternai  dispoKitioti  oC  the  force  is  sn  aiTt'cted : 
so  that  the  force  in  right  luies  through  the  magnet  docs  not 
change  under  the  circumstance*,  whilst  the  force  in  external 
(and  neccsaarily)  curved  lines  docs. 

The  polarity  of  bisranth  or  i>ho«phorus  in  the  magnetic 
field  is  one  point  amongst  man}'  others  essentially  depeudcnt 
upon,  and  highly  iUnstrntivc  of  the  nature  of,  the  magnetic 
force.  The  assumption  that  they  have  a  polarity  the  reverse 
of  that  of  paramagnetic  hodica  involves  the  consctiuencc,  that 
Qorthucssdoes  not  always  repel  norttmcss  or  attract  soutlmcsa; 
or  cUc  lead*  to  the  asstumption  that  there  are  two  northnesses 
and  tvo  southnemes,  and  that  these  .lumctimcs  iL^ocintc  in 
pairs  one  way,  and  at  other  timca  in  the  contrarj'  way.  Unt 
leaving  the  usanuiptions  and  rcvcrtiug  to  experiment,  it  wa« 
hoped  that  a  forcible  imitation  of  the  imagined  state  of 
bismuth  in  the  magnetic  ticid,  might  illustrate  its  real  state, 
and,  fur  this  purpose,  recourse  was  hail  to  the  indications 
given  hy  a  moving  conductor.  Four  spliercs  of  copper,  iron, 
bismuth.  Olid  hard  steel  have  been  prepared,  and  rotated  upon 
an  Bsia  coincident  with  the  magnetic  axis  of  a  powerful  horse- 
shoe magnet ;  each  Hphcrc  has  a  ring  of  copper  fixed  on  it  as  an 
equator,  and  the  ends  of  a  gnlranometer  wire  were  brought  into 
coDtaet  with  the  axis  and  the  equator  oE  the  revolving  globo. 
irudcr  these  circumstances,  the  electric  current  produced  in 
the  moving  globe  was  conveyed  to  the  galvanometer,  and 
became  the  indicator  of  the  magnetic  polarity  of  the  spheres ; 
the  direction  of  rotation,  and  the  prdea  of  th?.  magnet,  being 
in  all  cases  the  Name.  When  the  copper  sphere,  as  a 
standard,  was  revolved,  deflection  at  the  galvanometer 
occurred  iu  a  certain  direction.  When  the  iron  sphere 
replaced  the  copper  and  was  revolved,  the  deflection  at  the 
galvanometer  was  the  same.  "When  the  bismuth  sphere  was 
employed,  the  deflection  was  still  the  same : — and  it  still 
remained  the  samo  when  the  steel  sphere  was  rotated  in  the 
magnetic  field.  Hence,  by  this  effect,  which  I  believe  to  he 
a  truthful  and  unvarying  indication  of  polarity,  the  state  of 
all  the  spheres  was  the  some,  and  therefore  the  polarity  of 
the  magnetic  force  iu  the  iron,  copper,  and  bismuth,  iu  every 
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or  of  Urn  «D  ufOD  the  earth,  as  if  tad  admsnioa  were  itseU 
a  pvCsot  auwcr  to  aay  mqnir;  into  the  nfttnre  ot  the  pbyaicall 
jif^ffw  wfaidk  cause  distant  bodiea  to  afloet  each  uthcr;  and.] 
the  BWB  vho  hesHalca  to  Admit  the  snfidency  of  the  aaiver, 
or  of  the  ■■■■■Xi*ln«  on  vhidi  it  reata,  and  uks  for  a  more 
■itif&etory  aocoont,  mtu  tome  rak  of  appciuing  ridiculotu 
or  icDOrant   before  the  world  oT  kidiicc.     Vet  >'cwtoti,   who 
did  iiKH«  than  »ay  other  man  ia  dcmoostnttng  ibc  law  of 
action  of  diatnot  bodies,  including  amongst  such  the  bun  and 
fiatiint,  wliich  are  UOO  millions  of  miles  apart,  did  not  leava 
tUo  iubjflct  wittioitl  recording  hi«  well-coowdcred  jadgomentJ 
$n  a«fc,  p.  filMi  or  PhUoviFbiml  M«««dDw,  100B,  ToL  ii.  p.  &L 
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tbnt  tbe  mere  attracticai  of  dtstant  pordooa  of  matter  vu  not 
a  eufGcient  or  sfttisfkctory  thought  for  a  (ihiloftophcr.  That 
gnvity  should  be  innate,  inherent,  and  caseotial  to  matter, 
80  that  one  body  niay  net  upon  another  at  a  distance  through 
a  Tacuum,  without  the  mediation  of  anjrthing  else,  by  and 
through  which  their  action  and  force  may  be  conveyed  from 
one  to  another,  is,  he  ttays,  to  him  a  great  absurdity.  Grarity 
uuftt  be  caoHed  by  an  agent,  acting  constantly  according  to 
certain  lavs ;  but  nhether  this  agent  be  mtitcnal  or  immnteria] 
lie  leRvps  to  the  consideration  of  his  readers.  This  is  the 
omrard>looking  thought  of  one,  who  by  his  knovledgo  and 
like  {quality  of  miud,  saw  iu  the  diamond  an  unctuous  sub- 
stance coagulated,  when  as  yet  it  wua  kuuwu  hut  as  a  trans- 
parent ttoae,  and  foretold  the  presence  of  a  combustible 
aubftanee  in  water  a  century  bcfure  water  was  deoompoecd 
or  hydrogen  discovered;  and  I  cannot  help  believing  that 
the  time  is  near  at  hand,  when  his  tboogbt  regarding  gra«-ity 
will  produce  iruit : — aud,  with  that  irapreesion,  I  shall  venture 
a  few  considerations  upon  what  apjicars  to  mc  the  iuitufli- 
ciency  of  the  usually  accepted  notions  of  groTity,  and  of  thoae 
force*  generally,  which  are  supposed  to  set  at  a  distance, 
having  respect  to  the  moderu  aud  philosopluc  view  of  the 
cmacrration  and  indcntructibility  of  force. 

The  notion  of  the  gravitating  force  is,  with  those  who 
admit  ^^cwton's  law,  but  go  with  him  no  furthcT,  tlutt  matter 
attracts  matter  with  a  strength  which  'a  inversely  as  the 
squni-c  of  the  distance.  Consider,  then,  a  mass  of  matter  (or 
a  particle),  for  which  present  purpose  the  sun  will  serve,  and 
consider  a  globe  like  ouc  of  the  planets,  as  our  earth,  ritlier 
created  or  taken  from  distant  sjioce  and  plaeeil  near  the  sim 
Oft  our  earth  is ;— the  attraction  of  gravity  is  then  exerted, 
and  we  say  tliat  tlic  sun  attracts  the  earth,  aud  also  that  the 
earth  attracts  the  sun.  But  if  the  sun  attracts  the  earth,  that 
force  of  attnietJou  must  cither  arise  6fcau»e  of  the  presence  of 
the  earth  near  the  sun ;  or  it  must  have  pre'Cxitited  in  the 
flUQ  when  the  earth  was  not  there.  If  wc  consiilcr  the  first 
case,  I  think  it  will  be  exceedingly  difficult  to  conceive  that 
llie  sndden  prcaencc  oi  the  earth,  95  millions  of  miles  from 
the  mm,  and  having  no  pn:viotui  physical  connexion  with  it, 
nor  any  physical  connexion  caused  by  the  mere  circumstance 
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of  juxtaposition,  should  be  able  to  raise  up  in  the  san  a  power 
having  no  pi«rioU9  existence.  As  respect*  grarity,  the  cartli 
must  be  coueidorcd  as  inert,  prcriously,  as  the  sun ;  and  can 
haro  no  more  inducing  or  afTecting  poirer  orer  the  sun  thnu 
the  suD  over  it :  both  arc  asaiimcd  to  be  toithout  power  in  the 
hcgiuuiDg  of  the  caxc ;  how  then  can  that  power  arise  \yf 
thcrir  mere  approximotioa  or  cocnstenoc?  That  a  bodjr 
without  force  should  raise  up  force  in  a  body  at  a  distance 
from  it,  is  too  bard  to  iniagiuc;  but  it  is  harder  still,  if  that 
c«n  be  poKublc,  to  accept  the  idea  when  we  conaider  that  it 
includes  tlic  creation  of  force.  Force  may  be  opposed  by 
force,  may  lie  diverted,  directed  partially  or  exclusively,  may 
CTcn  be  conTerle<I,  ax  far  as  we  understand  the  matter,  dis- 
npiieariuy;  in  one  form  to  reappear  iu  another ;  but  it  cauuot 
t)L>  created  or  annihilateil,  or  truly  Buspcoded,  t.  e.  Tendered 
existent  without  action  or  without  its  equivalent  nciioo.  Tlie 
conservation  nf  power  is  now  n  thought  deeply  impressed 
upon  tbc  miuds  of  philosophie  men;  aud  I  think  that,  as  a 
budy,  they  admit  that  the  creation  or  annihjlatjon  of  force  ia 
ctiually  impOMibte  with  the  crentiou  or  annihilation  of  matter. 
Sut  ifwc  conceive  the  sun  oxiaciug  alone  in  space,  exertiug 
no  force  of  gravitation  exterior  to  it;  and  then  conceire 
another  sphere  in  space  having  like  oonditions,  aod  tliat  tbc 
tiro  arc  brought  towimls  each  other;  if  we  assume,  that  by 
their  mutual  presence  caeli  causes  the  other  to  act, — this  is  to 
assume  not  merely  a  creation  of  power,  but  a  doodle  creation, 
for  butli  arc  supposed  to  rise  from  a  previously  inert  to  a 
]M>wcrful  state.  Ou  their  dissociation  they,  by  the  aasump- 
tiou,  pa»s  into  the  powerless  state  again,  aud  this  would  bo 
equivolcDt  to  the  annihilation  of  force.  It  will  be  easily 
undcntood,  that  the  case  of  the  sun  or  the  earth,  or  of  any 
one  of  two  or  more  acting  bodies,  is  reciprocal; — and  also 
that  the  variation  of  attraction,  with  auy  degree  of  approach 
or  separation  of  the  bodies,  involves  the  same  result  of  creation 
or  annihilation  of  power  as  tbc  creation  or  aunihiktiou  (which 
latter  is  only  the  total  remotal)  of  either  of  llie  acting  bo<lics 
would  do. 

Such,  1  think,  must  be  the  character  of  the  conclusion,  if 
it  be  supposed  that  the  attraction  of  the  sun  upon  the  earth 
arisen  btcatue  of  tbc  prcscuco  of  the  cortli,  atui  the  altiactiou 


JlH.  1855.]      Gravitation — Us  nature  considered. 


575 


of  the  earth  npon  the  sun,  bccnuec  of  the  presence  of  the 
sua ;  there  remnins  the  ciwe  of  the  power,  or  the  efficient 
source  of  the  power,  having  pre-cxistctl  iu  the  son  (or  the 
earth)  befort  the  earth  (iir  the  snii)  was  in  presence.  In  tho 
latter  view  tt  appears  to  me  that,  coiiBUtcutly  with  the  con- 
ecrvation  of  force,  one  of  three  sub-case!i  must  occur :  cither 
the  gravitatiug  force  of  the  suii,  when  dircctctl  upon  tho 
earth,  must  be  removed  in  an  eqiiivaleut  degree  from  xoine 
other  hodics,  and  when  tttkeu  off  from  the  earth  (hy  the 
disappearance  of  the  latter)  be  disposed  of  on  eome  other 
bodies ; — or  ebe  it  must  take  up  eome  neio  form  of  power  when 
it  censes  to  be  gi^vitation,  and  cousumc  some  other  form  of 
power  when  it  is  deTcloped  n8  gravitation ; — or  else  it  must  be 
o/wayscxiBting  ai-ound  the  sun  throngh  infinite  space.  The  first 
sub-case  is  not  imaginc^l  by  the  uaunl  hypothesis  of  grarita- 
tioQ,  and  v-itl  hardly  be  supposed  prulmblc;  for,  if  it  were 
true^  it  19  scarcely  possible  that  the  cfleets  should  not  have 
been  observed  by  astronomeni,  when  considering'  the  motions 
of  the  planets  iu  different  positioua  with  respect  to  each  other 
and  the  sun.  Moreover,  gravitation  is  not  assumed  to  be  a 
dual  power,  and  in  them  only  as  yet  have  such  removals  been 
obserrcd  by  experiment  or  conceived  by  the  mind.  The 
second  sub-case,  or  that  of  a  new  op  another  form  of  power, 
is  also  one  which  has  never  been  imagined  by  otiicrs,  in 
aasociatioii  with  the  theory  of  gravity.  1  made  some 
cndcavourft,  experimentally,  to  connect  gravity  with  electri- 
city, having  this  very  object  in  view  (I'hil.  Trans.  1851,  p.  1) ; 
bnt  the  results  were  entirely  negative.  The  view,  if  lifild  for 
a  moment,  woutd  imply  that  not  merely  the  snn,  but  all 
matter,  whatever  its  state,  would  have  cstra  powers  set  up  in 
it,  if  removed  in  any  degree  from  gravitation ;  that  the 
particles  of  a  comet  at  its  perihelion  would  have  changed  in 
character,  by  the  conversion  of  some  portion  of  their  molceutar 
force  into  the  increased  amount  of  gravitating  force  which 
they  would  then  exert;  and  that  at  its  aphelion,  this  extra 
gravitating  force  would  have  been  couvcrtcd  back  into  some 
other  kind  of  molecular  force,  having  cither  the  former  or  a 
new  character :  the  conversion  either  way  being  to  a  perfectly 
ci[uivaleut  degree.  One  could  not  even  conecive  of  the 
diffusion  of  a  cloud  of  dust,  or  its  conecntratioa  into  a  stone, 
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without  supposing  something  of  the  same  kind  to  occur;  and 
I  Kuppose  that  tiobtMly  will  accept  tlie  idea  u  possible.  Tht 
third  Hu1i-cni:te  rcmaiiu,  nomcty  that  the  power  is  aliraji 
cxit^ting  aroimd  the  aun  and  throtigh  in6nitc  npaoc,  wliotbcr 
secondary  bodice  be  there  to  be  acted  upon  by  gravitation  or 
not ;  tiud  uot  only  around  the  sun,  but  around  every  particle  ^^ 
of  mnttcr  vhich  hat  cxintenee.  Thin  case  of  a  oooitiuit  ^| 
necessary  condition  to  action  in  space,  nhcn  as  rctipoctii  the 
sun  the  earth  is  not  in  place,  and  of  a  certain  graritating 
action  an  the  rc»ult  of  that  previous  condition  wLcti  the  earth 
h  in  place,  I  can  conceive,  consistently,  u  I  think,  with  thi; 
cuQRcrvntion  of  torae:  and  I  think  '^e  ca»e  is  that  which 
Newton  looked  at  in  graWty ;  in,  in  philow^hical  respect,  < 
the  same  an  that  ailiuittcd  by  all  in  regard  to  light,  heat,  and 
radiant  pliKnomcua ;  and  (in  a  ReQKC  even  more  general  and 
cxtcusivv]  is  that  now  driven  upon  our  attention  in  an  cap^ 
cially  fomhlo  and  inatructive  manner,  by  tlio  phuuomcna 
of  electricity  and  magnetism,  because  of  their  dependence  on 
dual  forms  of  power. 

January  22,  18&&. 
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nirlher  Obgervationt  on  antociated  cage$,  in  Electric  Ind»dion, 
nf  Current  and  Static   Effect *\ 

Melloki,  whose  loss  science  must  tlecpl/  feel,  waa  engaged 
Id  the  latter  piirt  of  his  life  in  iuvcstigntioiis  rctatiog  to  static 
elcfCtricity,  especially  concorniug  indiictoin,  conduction,  &c. 
He  do«irc(l,  ill  rcferc  cc  to  these  and  the  results  I  had  pub- 
lished respecting  the  charge  of,  ami  conduction  by,  suhtcr- 
raneous  nitd  i)ul>Ai]iiconii  insnlatrd  wiroi',  tu  kiiowwhcthcr  there 
wfts  any  diiFercncc  iu  tlit:  /iincoF  tntusinissiou  through  BueU  wires, 
of  currents  having  greater  or  le«s  iutensity,  i.  e.  of  currents  from 
batteries  of  different  uutnlit^rs  of  plates.  T  applied  to  Mr.  Latimer 
Clark  on  tho  subject ;  ami  he,  with  the  same  carucstiivsis  as  on 
the  Former  occa<tiou,  souglit  aud  seized  the  opportunity  ofmnkiug 
cxperimciits  of  the  like  kisd,  ajid  gare  nic  the  rcsnita,  trhich  I 
sent  to  Mcllont.  The  latter  puhliahed  tlicm  vrith  eomcalMcrra- 
tioDS  in  an  llntinu  Journal  (whose  title  is  not  on  the  paper 
which  he  sent  to  me),  and  soon  after  he  was  suddenly  removed 
from  ua  liy  death.  As  Mr.  Clark's  results  are  not  yet  known 
in  this  country',  I  have  thought  that  a  hrief  accoiint  of  them. 
would  he  valuable.  His  prorpss  records,  hy  the  printing  telc- 
griiph  of  tiaiu,  the  results  ohtained  with  76B  mites  of  copper 
wire  covered  with  giitta  percha,  and  laid  in  the  ground  in  four 
lines  hcttnecn  London  and  IVIanehciiterj  so  connected  that  tho 
beginning  aud  the  end  of  the  whole  length  wax  in  Loudon. 
•The  following  are  his  words,  dated  May  31,  1854  :— 

"  I  h&vc  tried  a  few  experiments  ou  the  relative  velocities  of 
currents  ofdiOereut  intensities,  and  1  enclose  you  some  strips  of 
paper  showing  tho  resultB.  I  was  unable  to  equalize  the  defleo- 
tion»  of  a  galvanometer  by  currents  of  intensity  with  small  plates 
as  compared  vnih  currents  from  a  few  large  plates,  for  no  size 
of  plate  would  make  up  for  the  deficiency  in  inteoNty.  I  allude 
to  the  form  of  experiment  suggested  by  Melloni ; — but  I  believe 
they  will  he  of  interest  to  hira. 

"Tlie  exjieriments  were  made  through  768  miles  of  gntta 
pcrcho  wire,  viu.  from  London  to  Manchester  and  back  again 

'  Froju  llio  PluI>x*i'])liii,'Al  Mi;^iuiiiu,  for  Mnrcli  1^65. 
'  Autt,  pngu  a)H ;  also  Uoyol  Inftitalion  Proceodiu; «,  J.  346 ;  oi  TbiL 
Mag.  18M,  TiL  p.  107. 
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twice,  witln  our  ordinnrjr  sulphate  of  copper  batteries,  plates 
3  inches  square,  and  with  intcnsitiisi  raiying  from  31  crllii  to 
sixteen  times  31  cells,  or  500  cells. 

"  In  the  uecumi)aiiyui(;  strips  the  upper  Uac  indicates  tlic 
time  during  nhich  the  current  was  sout^  being  made  by  a  local 
arrangement. 

"  The  second  line  (of  dots)  indieates  time  by  seconds,  Ixung 
mudt;  hy  a  pendulum  ribrating  seconds,  and  striking  a  light 
spring  at  the  ccntn;  or  ita  arc  of  ribration. 

"  The  third  line  indicates  the  time  at  which  the  eorrcnt 
appeared  at  (what  we  may  call)  the  distant  end  of  the  line,  768 
miles  otT. 

"The  fuurth  line  merely  &hows  the  residual  discharge  from 
the  near  cud  ofthe  wire,  which  was  allowed  to  commuDicatc  with 
the  earth  aa  soon  as  the  batteries  were  disconnected ;  thi»  haa  uo 
reference  to  the  subject  of  our  inquirica. 

"  It  will  be  Been  by  the  third  Hne,  that  aliout  two-thirds  of  a 
second  elapsed  iu  every  case  before  the  current  became  apparent 
at  the  (lislaucc  of  7GS  milts,  indicating  a  velocity  of  about  1000 
miles  B  second  ;  but  the  must  interesting  part  np|icars  to  be,  that 
this  velocity  is  sentiblif  unifurmfor  ail  iiUensUUs  from  31  cella 
to  500." 

Mrlloni  has  then  given  a  copy  of  the  records  made  when  31  pair 
and  50()  pair  of  plates  wcie  employed;  unfortunately  the  copy 
is  inacenratc,  aincc  it  makes  the  fourth  line  commence  as  to  time 
at  the  termination  of  the  third,  nhcrcu  it  ought  to  eorrcapond 
with  the  tomiiiiatioiiof  the  first;  also  the  third  line  on  each  doc« 
not  tbin  off  tu*  those  upon  the  reeord  do.  The  fallowing  is  a  copy 
from  oilier  »1ip<i  obtHtiied  at  the  same  lime  from  the  Ruin's  print- 
ing apparatus.  Kxpcriiuents  with  C»:2,  l!i6,  and  250  cells,  gave 
like  results  with  tho^c  of  31  and  500  cells. 


IIobIU. 


«»  ttlU. 


After  certain  obscrvatjons,  which  are  mainly  upon  the  manner 
of  the  experiments,  and  the  way  in  which  practical  difficultica 
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were  avoided,  McUoni  says,  "  It  ajipcars,  then,  that  when  the 
electric  current  po*8es«C8  sufficient  force  to  overcome  the  sum  of 
the  rcBistance  offered  by  a  given  conductor,  whatever  its  Icngtlt 
may  lio,  an  augmentation  of  its  inteiwity  tcnortwentyfold  dues 
not  alter  the  Tclueity  of  its  propagation.  This  fact  is  in  open 
coDtrudictioD  with  the  generul  meaning  attnhiitrd  to  the  deno- 
minations oi  quantity  and  inttnsUy;  Bince  the  first  eomparocthc 
maKH  cf  electricity  to  that  of  a  fluid,  and  the  second  reprcscutft 
its  elasticity  or  teudeuey  to  motion.  The  eijual  velocity  of  cur- 
rents of  various  tension  offers,  on  the  contrary,  a  fine  argument 
in  favour  of  the  opinion  of  those  who  suppose  the  electric  current 
to  b«fi£ftlogous  to  tlie  nbrationsofairimder  thcactiouofsono- 
roos  hodics.  As  i>ound,  higher  or  lower  in  pitch,  traverse  in 
air  the  same  space  in  the  same  time,  whatever  be  the  length  or 
the  intensity  of  the  aerial  wave  formed  by  the  vibration  of  the 
sonorous  body  ;  so  the  vibrations,  more  or  Icrs  rapid  or  more  or 
Icaa  vigorous,  of  tlic  electric  (luid  excited  by  the  action  of  bat- 
teries of  a  greater  or  smaller  number  of  plates,  arc  propagated 
in  condnctors  with  the  same  velocity.  Every  one  will  see  how 
the  hypothesc!!  iiuagiued  by  us  to  give  a  reason  for  natural  phs- 
uomeua,  will  Rcrve  to  suggest  certain  experimental  investigatioiw, 
the  results  of  which  will  tust  their  validity  or  insufficiency." 

Mclloni  then  say  B  that  he  shall  shortly  have  occasion  to  publish 
facts  which  clearly  demonstrate  the  errors  of  certain  conclusions 
admitted  up  to  the  priiseut  time  respecting  electro -static  iuduc- 
tioD;  ajid  I  am  aware,  from  written  communications  with  hioii 
that  he  considered  the  results  arrived  at  by  Coulomb,  Poisson, 
and  others  since  their  time,  as  not  accordant  with  the  Irutb  of 
nature '.  In  the  mean  time  he  died,  and  whether  his  researches 
are  sufficiently  perfected  for  publication  or  not,  I  do  not  know. 

>  Hii  ksys,"  I  deceive  myself  miKli,  or  «Uf  thy  funJamcntAl  tUmtrem  of 
ekctrical  induction,  ta  w«  find  it  ordinnrily  ajiiioiinot^d,  oii^ltt  to  \m  inoili- 
fii-d  '<)  ujt  not  Ifl  Ciiufound  two  effects  compk-ltly  distinct— the  elfctric  9tat« 
during  iuilucliuii,  mid  nftfir  iJib  contact  and  ^upsrstion  tA  tlie  iiidurinif  lody. 
Wo  laii>w  perfectly  what  nccun  in  the  latUir  case,  but  not  in  thi'  fonoer," 
&c.  Agnini "  Tn  ray  Wit  Ittler  I  raised  doubts  with  regard  to  tlw  cop- 
•oquoncea  whicli  liava  up  to  tln'  iin-si^iU  beeii  deduced  from  ihc  experini(>iits 
senio):  m  n  bsfc  tor  thu  riindsni«<ntal   thonrora  of  r'lectro-M&tlc  indnctlon. 

Tbrw  dou^ta  have  pawed  to  a  «t«to  of  bertitiidt;  iu  ray  mindi aud 

Iwlioid  m»  St  tbU  ttuiu  thiinnifiiily  ciinvinced  that  tliu  unundatlon  of  ibst 
ibeottm  ought  lo  lu  c^scntiallv  muditicd."    (.July  li:^4,) 
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Tlie  muformity  in  the  time  and  appearanee  of  cnrrento  of 
different  iiiten»itics  at  the  further  end  of  tlie  same  wire  in  the 
lamc  inductire  8tutc,i8  a  very  beautiful  result.  Tc  might  at  fint 
be  supposed  to  be  in  opposition  to  the  views  I  set  forth  some 
years  ago  ou  iuduction  and  conduction,  and  thcstat4:ment!t  more 
recently  made  with  regard  to  time.  That,  however,  doe«  not 
appear  to  mc  to  be  the  case,  as  a  few  farther  obserratiotia  on  Mr. 
riark'a  rt'ocut  experiracnto  will  perhaps  show.  When  the  sinaller 
battery  is  used,  much  less  cleetricity  pajwcs  into  the  wire  in  ■ 
given  time,  than  when  the  larger  one  is  employed.  Suppose  that 
the  batteries  arc  so  different  that  the  qunutitica  are  as  1  to  10  ; 
then,  though  a  pulse  from  each  would  take  the  same  time  for 
iransmiwion  through  the  wire,  still  it  ia  evident  that  the  wire 
would  be  a  tenfold  lietter  conductor  for  the  weak  cnrreot  than 
for  the  strong  one ;  or  m  other  words,  that  a  wire  having  on!? 
Due-tcntb  of  the  maaa  of  tliat  used  tor  the  greater  current  should 
be  employed  for  the  smaller  one,  if  the  resistence  for  eqw^  quan- 
tUtea  of  electricity  having  different  iutonaities  in  to  be  rendered 
eijual. 

My  views  connect  the  retardation  of  the  transmitted  current 
with  llic  momentary  induction  set  up  laterally  by  the  insulated 
and  extenially  coated  wire.  The  induction  will  be  proportionate 
to  the  intensity,  and  therefore  its  especial  eSbct  on  the  time  of 
retardatiou  pro[K)nionately  diminished  with  the  leiWi  inteaso  cor- 
rcut, — a  result  of  netiou  which  ivill  uid  in  rendering  the  time  of 
retardation  of  the  two  currents  equal. 

Thediirercncc  oflime'm  the  fomirrcxpmmcntiwilh  air  wires, 
and  earth  or  water  wires,  very  clearly  dejKuds  upon  the  dilTer- 
ence  of  lateral  induction  j  the  air  wire  presented  a  retardation 
scarcely  sensible,  the  o-arth  wire  one  amounting  to  nearly  two 
seconds.  If  the  itwulatiiig  layer  of  gntta  percha  could  be  reduced 
from  0*1  to  001  of  an  inch  in  thickness,  and  mercury  could  be 
placed  on  the  outside  of  tlmt  instead  of  water  or  earth,  I  do  not 
doubt  that  the  time  would  be  still  more  increased.  I'ct  there  is 
every  probability  that  in  any  one  of  these  %'arying  cases,  electric 
currents  of  high  and  of  tow  intensity  would  appear  at  the  end  of 
the  fiamc  long  wire  after  equal  intervals  of  time. 

Mr.  Clark's  results  may  be  stated  thus  : — A  given  qnantity  of 
electricity  at  a  high  intensity,  or  a  smaller  quantity  at  a  propor- 
tionally  lower  intensity,  will  appear  at  the  further  end  of  the 
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Bumc  wire  after  tlic  lapoe  of  the  same  period  of  time  My 
statement  aseuiued  the  discharge  of  the  Mume  quantity  at  different 
iuteusitiei  ttirougli  the  mme  wire,  aud  the  quaatitics  In  the  illus- 
irativc  expcriuiouts  were  measured  by  a  Levdcu  jar.  lu  the 
fx>u8idera,tloD  and  further  development  of  these  resultti,  it  must  1n' 
remembered  that  it  ia  not  the  diHcrcnce  eitherio  time,  velocity, 
or  tronmiBfiion  of  n  coniinuou*  current  frhich  constitutes  the 
object  in  I'icw,  for  that  is  the  »aiiic  both  for  an  air  wire  aiul  a 
HuhterraneoUH  wire,  but  it  is  the  difference  in  the  _fir»t  nppearimee 
only  of  the  ftame  current  when  wires  nnder  these  different  cou- 
ditious  arc  employed,  Aft<!r  the  fimt  appcaruuc<:  trath  wires  are 
alike  in  power  unto  the  end  of  the  current,  and  then  a  dificrcnce 
again  appears  which  is  complementary  to  the  lirat. 

There  arc  many  variations  of  these  experiment!!  which  one 
would  wish  to  malto,  if  possible,  and  perhaps  by  degrees  the  pos- 
sibility, or  else  equivalent  experiments  in  othcrforma,  may  occur. 
If  the  wire  employed  were  changed  from  a  cylinder  to  a  flat 
ribbon  of  equal  weight,  or  to  screral  small  wircs.all  bciug  a|  ually 
coated  with  gutta  pcrchn  and  submerged,  differences  would  pro- 
bably arise  in  the  time  of  delay  with  the  same  currrent ;  and  I 
tliiiik  tliat  the  ribbon,  presenting  more  induction  surfacethau  the 
cylinder  would  cause  more  delay  ;  but  probably  any  one  of  these, 
or  of  like  varieties,  would  cause  tlie  aume  delay  for  currents  of 
different  intensities.  Again,  one  can  scarcely  doubt  that  with 
ditTcrcnt  coudurting  substanceH,  as  iron  aiul  copper,  the  delay 
'  woidd  vary,  as  is  the  case  in  the  tramimisaion  of  sound  and  light. 
That  the  delay  for  currents  of  hig-b  and  low  intenaity  should  be 
the  same  for  the  same  wire  in  any  one  of  such  cases  may  still  be 
c&peetcd,  but  it  would  be  very  interesting  to  *now  what  would 
be  the  fact. 

The  prosecution  of  these  reaulta  and  the  principles  concerned 
in  them,  througli  the  various  forms  they  may  assume  by  such 
like  variations  of  the  conductors  and  also  of  the  currents,  offers, 
as  Melloni  has  observed,  most  cxteusiTcoiidiutcrcstiug  inquiries; 
even  the  power  of  a  current  to  induce  a  current  in  neighbouring 
wires  and  conductors  is  involved  in  the  inqnirj',  and  also  the 
phienomena  and  principles  of  magneto-electric  luduction. 

Royal  Itutitutiou, 
reb.  7, 1856. 
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